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The synthesis of a novel series of homobinuclear 
transition metal complexes of 22-membered tetraimine 
hexaazamacrocycles have been achieved by the template 
condensation reaction of a methanolic solution of 
phthalaldehyde to a mixture of metal(II) salt and 
diethylenetriamine in methanol. 
The results of elemental analysis are consistent 
with the proposed tetraimine hexaazamacrocyclic skeleton 
having 2:1 metal to ligand stoichiometry. The IR spectra 
of these complexes show the complete absence of bands 
characteristic of free amine or carbonyl groups and the 
appearance of a new absorption band in the region 1590-
-1 A 
1620 cm assignable to v(C=N). The presence of bands in 
the region 350-330 cm" and 310-280 cm" were quite 
K>\ helpful in assigning i)(M-Cl) and the bridging, V 
stretching vibrations, respectively. The low molar 
conductance values of all the compounds except the copper 
complexes indicate that they are non-electrolytes in DMSO 
while the copper complexes show the values expected for 
1:2 electrolytes. The H NMR spectra of the Zn(II) 
complexes recorded in DMSO-d,, further strongly suggest 
that the proposed tetraimine hexaazamacrocyclic moiety has 
been formed. 
The g„ and gj^  values have been calculated from the 
EPR spectra of the polycrystalline copper(II) complexes. 
The existacne of g,| at a higher value than the g, 
2 
suggest that B, is the ground state with the unpaired 
2 2 
electron in the d - orbital. The overall geometries of X y 
these macrocyclic complexes were obtained from the 
magnetic susceptibility measurements and ligand field 
spectroscopic studies which suggest a square planar 
geometry for the copper(II) complexes and an octahedral 
geometry for the cobalt(II), nickel(II) and zinc(II) 
complexes. 
The metal ion controlled synthesis of a new series 
of 13-14-membered tetraazamacrocyclic transition metal 
complexes have been carried out by the addition of 
methanolic solution of metal(II) ions to a hot stirred 
mixture of o-bromoaniline and a primary diamine in a 1:2:1 
molar ratio which was followed by the addition of 
methanolic solution of 2,4-pentanedione. 
The results of elemental analysis are consistent 
with the proposed 1:1 metal to ligand stoichiometry. The 
observed molar conductance values of Ni(II) and Cu(II) 
complexes indicate that they are 1:2 electrolytes in DMSO. 
The low conductance values of the Mn(II) and Co(II) 
complexes may be due to ion-pairing in which the anion 
does not penetrate the first coordination sphere of the 
metal. The IR spectra of all these complexes did not show 
bands characteristic of free carbonyl of free amine 
groups. Instead, all the complexes exhibit a single sharp 
absorption band in the 1600-1630 cm region assignable to 
coordinated l) (C=N) and a single sharp absorption band at 
3260-3320 cm~ ascribed to the N-H stretching vibration. 
The H NMR spectra of the zinc(11) complexes recorded in 
DMSO-f, further, strongly suggest that the 
o 
macrocyclization has indeed taken place. The magnetic 
moment and electronic spectral data suggest a square 
planar geometry for the nickel(II) and copper(II) 
complexes whereas an octahedral geometry for the 
manganese(II) and cobalt(II) complexes. 
The EPR spectra of the polycrystalline Cu(II) 
complexes show g„ < 2.3 which indicate that they exhibit 
appreciable covalent character. 
A series of 14-16-membered tetraazamacrocyclic 
complexes have been synthesized by the condensation 
reaction of primary diamines with dibenzoylmethane in the 
presence of rhodium(III), iridium(III) and platinum(II) 
ions as templates in 2:2:1 molar ratio. 
The results of elemental analysis suggest the 
macrocyclic complexes have 1:1 metal to llgand 
stoichiometry. The observed molar conductance values 
suggest a 1:2 electrolytic nature of the platinum(II) 
compounds and a 1:1 for that of rhodium(III) and 
iridium!Ill) complexes in DMSO. The IR spectra of all the 
complexes show the absence of peaks corresponding to amino 
or carbonyl groups; instead a medium-intensity band 
appeared in the region 1570-1610 cm assignable toV(C=N). 
The H NMR spectra of the platinum(II) complexes 
show no signal corresponding to primary amino protons 
indicating that the proposed macrocyclic skeleton has been 
formed during the condensation reaction. All the complexes 
were found to be diamagnetic and the electronic spectra 
suggest a square planar geometry for the platinum(II) 
complexes and an octahedral structure for the rhodium(III) 
and iridium!Ill) complexes. 
A novel series of 17,18-membered diamide 
pentaazamacrocyclic transition metal complexes have been 
synthesized from o-aminobenzoic acid, diethylenetriamine 
and dibromoalkanes in the presence of metal ions in 
2:1:1:1 molar ratio. 
The results of elemental analysis suggest the 
macrocyclic complexes have 1:1 metal to ligand 
stoichiometry. All the complexes gave molar conductance 
values consistent with 1:1 electrolytes. The IR spectra of 
all the complexes show no bands characteristic of hydroxy1 
and/or primary amine groups. However, the appearance of 
bands corresponding to amide stretching modes mainly in 
the region 1660-1700, 1500-1520, 1220-1260 and 645-675 cm""^  
may be assigned to amide I, amide II, eunide III, amide IV 
vibrations, respectively^ providing strong evidence that 
the macrocyclization has taken place. The H NMR spectra 
of the Zn(II) complexes gave a broad signal at 8.23-8.36 
ppm, region corresponding to amide protons and two 
multiplets in the region 6.47-6.82 ppm, assignable to 
secondary amino protons. This information alongwith the 
absence of bands corresponding to primary aunide and/or 
alcoholic protons further suggest that the macro-
cyclization has indeed taken place. The EPR spectra of the 
polycrystalline copper(II) complexes were recorded at room 
temperature. The axial spectrum with g.. > 9, > 2.04 is 
consistent with distorted octahedral structure around the 
Cu{II) ion. The spectral and magnetic moment data suggest 
the octahedral geometry around the metal ions and hence 
consistent with the proposed structure. 
The self-condensation reaction of o-cuninobenzoic 
acid in the presence of metal ions yielded complexes, each 
containing a ligand composed of 4 moles of the self-
condensed ligand bound to a single metal ion. The 
structure and mode of bonding of tese comlexes have been 
predicted from their elemental analysis, IR, EPR, H NMR 
and electronic spectral studies, magnetic moment and molar 
conductance measurements. The copper(II) complexes are 
found to exhibit 1:2 electrolytic nature while the 
cobalt(II), nickel(II) and zincClI) complexes are found to 
be non-electrolytes. The absence of bands characteristic 
of free amine or alcoholic groups and the apprearance of 
bands characteristic of an amide group in the IR spectra 
of these ccanplexes provide strong evidence for the 
presence of a closed cyclic product. The H NMR spectra of 
teh zinc complexed in DMSO-d, show a broad signal 
assignable to amide protons. This information together 
with the absence of any signal attributable to primary 
amino or alcoholic protons furhter strongly suggest that 
the proposed macrocyclic skeleton has been formed. The 
shift of the signals towards lower field in these 
complexes is an indication of the coordination of the 
macrocycles. On the basis of the electronic spectra and 
the magnetic moment values, a square planar geometry is 
proposed for the copper(II) complexes and an octahedral 
structure around the cobalt(II) nickel(II) and zinc(II) 
ions. The EPR spectra of the copper(II) complexes recorded 
at room temperatuere exhibit a broad signal for which the 
g„ values are greater than the corresponding gj^  values. 
The calculated G parameter appeared in the range 3.08-3.28 
suggesting that there is a considerable exchange 
interaction between copper(II) centres. 
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CHAPTER - I 
INTRODUCTION 
The Chemistry of macrocyclic ligands has been a 
fascinating area of current research interest to the 
chemists all over the world. The cjontinued interest and 
quest in designing new macrocyclic ligands stem mainly 
from their use as models for protein-metal binding sites 
1 2 3 
in biological systems , as models for metalloenzymes ' , 
4 
as synthetic ionophores , as sequestering reagents for 
specific metal ions ' , as models to study the magnetic 
7 8 
exchange phenomena , as chemical sensors and battries, as 
9 therapeutic reagents for the treatment of metal mtoxi-
. • - , • • ^ 1 0 4- 1 ^ 11-14 cation, as medical imaging agents , as catalysts , 
and in biomedical and fuel cell applications 
Recognition of the importance of complexes containing 
macrocyclic ligands has led to considerable effort being 
invested in developing reliable and inexpensive synthetic 
17-20 
routes for these compounds . These macrocycles which 
contain varying combinations of aza (N), oxa (0), phospha 
(P) and sulfa (S) ligating atoms can be tailored to 
accommodate specific metal ions by the finetuning of the 
ligand design features, such as the macrocyclic hole size, 
nature of the ligand donors, donor set, donor array, 
ligand conjugation, ligand substitution, number and sizes 
of the chelate rings, ligand flexibility and nature of the 
ligand backbone. The different types of macrocyclic 
ligands are particularly exciting because of the 
importance in generating new areas of fundamental 
chemistry and many opportunities of applied chemistry. 
The majority of macrocycles represent creative and focused 
efforts to design molecules which will have particular 
uses. 
A brief account of the various design and synthetic 
strategies developed by investigators in various 
laboratories to synthesize different macrocyclic complexes 
is needed to develop new design and synthetic strategies 
for varsatile ligand systems with requisite ligand design 
features. The design of ligands capable of forming stable 
complexes would not only allow further study of the 
coordination properties of the different metal ions but 
would also enable chemists to exploit more fully certain 
important emerging properties of these complexes. The 
coordination template effect provides a general strategy 
for the synthesis of a wide variety of discrete metal 
complexes. The exciting aspect of this chemistry is that 
in the majority of cases the molecules meet the design 
criteria very well. It is evident that in an increasing 
number of cases the driving force behind the synthetic 
effort is the desire to create a molecule which will 
enable the user to make specific applications. 
The macrocyclic complexes are generally synthesized 
by the reaction of the required metal ion with the 
preformed macrocyclic ligands, but there are potential 
disadvantages in this method. The synthesis of a macro-
cycle in the free form often results in a low yield of the 
desired product with side reactions. In order to 
circumvent this problem, the ring-closure step in the 
synthesis may be carried out under conditions of high 
21 dilution or a rigid group may be introduced to restrict 
22-23 
rotation in the open-chain precursors thereby 
facilitating cyclization. One effective method for the 
synthesis of macrocyclic complexes involves an in situ 
approach wherein the presence of metal ion in the cycliza-
tion reaction markedly increase the yield of the cyclic 
product. The metal ion plays an important role in 
directing the steric course of the reaction and this 
24 
effect is termed "metal template effect" . The metal ion 
may direct the condensation preferentially to cyclic 
rather than polymeric products "the kinetic template 
effect" or stabilize the macrocycle once formed "the 
thermodynamic template effect". 
Curtis has demonstrated the template potential of 
metal ions in the formation of the isomeric tetraazamacro-
cyclic complexes (1) and (2) by the reaction of 
25 [Ni(en)-](ClO.)2 with acetone as shown in Scheme 1. 
The first example of a deliberate synthesis of a macro-
cycle using this procedure was described by Busch to 
synthesize (3) as shown in Scheme 2. The diimine Schiff 
H2 H2 
N ,N 
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Scheme :2 
base macrocycles obtained by the condensation of one 
molecule each of the dicarbonyl and diamine precursors 
have been termed "1+1" macrocycles and the tetraimine 
macrocycles obtained by the condensation of two molecules 
of the dicarbonyl compounds with the two molecules of the 
diamine moiety have been termed "2+2" macrocycles as a 
consequence of the number of head and lateral units 
^27,28 present 
Coordination chemistry of polyazamacrocycles has 
undergone a spectacular growth since the early 1960s due 
to the pioneering independent contributions of 
252930 2426 
Curtis ' ' and Busch ' . Since then a large number 
of synthetic polyazamacrocyclic ligands have been 
17-20 
reported . Synthesis of multidentate macrocyclic 
ligands by the metal template method has been recognized 
as offering high-yielding and selective routes to new 
,. . . ^ • -, 17,19,24,31-35 „ , ^ ,^ 
ligands and their complexes . Much of the 
work featured the use of transition metal ions in the 
template synthesis of quadridentate macrocycles. This 
technique has been extended in the last decade by using 
organotransition metal derivatives to generate tridentate 
3 6 37 
cyclononane complexes ' . The synthesis of macrocyclic 
complexes by the metal template method was extended by the 
use of s- and p-block cations as template devices to 
synthesize penta- and hexadentate Schiff base macro-
38-44 
cycles and a range of tetraimine Schiff base macro-
cycles27'28 ^^ ^^^ Sheffield^°-^3 ^^^ Belfast^°'^^'^^ 
research groups. 
It is evident that the template potential of a 
metal ion in the formation of a macrocycle depends on the 
preference of the cations for steriochemistries 
(octahedral, tetragonal, square-planar or square-
pyramidal) in which the bonding d-orbitals are in 
orthogonal arrangements. The metal ion and the anion are 
important to the template process because the balance 
between the size of the cation and anion will determine 
the degree of dissociation of the metal salt in the 
reaction medium 
During the synthesis of Schiff base macrocycles by 
the metal template method whether the reaction proceeds by 
an intramolecular mechanism to give the "1+1" macrocycle 
or via the bimolecular mechanism leading to the formation 
of the "2 + 2" macrocycle depends on one or more of the 
following factors: 
(i) if the diamine has insufficient chain length to 
span the two carbonyl groups then "1+1" macro-
57 
cycle cannot be formed ; 
(ii) if the template ion is large with respect to 
the cavity size of the "1+1" ring, a "2 + 2" 
condensation (4) & (5) may occur 45,58 
(iii) the electronic nature of the metal ion and the 
requirement of a preferred geometry of the 
complex; and 
(iv) the conformation of the "1+1" acyclic chelate. 
R = (CH2)2 ,(CH2)3 
(4) 
R = (CH2)5,(CH2)6 
(5) 
59 Since the first report of Pilkington and Robson 
of a dinucleating Schiff base macrocycle derived from 2,6-
diformyl-4-methylphenol many examples of similar dinuclear 
8 
system (6), (7) & (8) have been reported^^"^^. The 
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these liyands has been well studied and explored . The 
template synthesis often does not afforded the desirable 
"2+2" symmetric macrocyclic complexes and hence the use of 
the preformed macrocyclic ligand causes problems owing to 
their low solubility in alcohols. The best route is not 
to isolate these ligands but to prepare the desired one in 
situ by a step by step reaction of the appropriate organic 
precursors and to treat with the appropriate metal salts. 
This allows a better control of the reaction to get the 
desired product. 
One of the best examples which has been synthesized 
by metal ion template method is the self-condensation 
71-74 
reaction of o-aminobenzaldehyde . The first triaza-
macrocycle to have its complexes investigated was 
(tribenzo-1,5,9-triazacycloduodecine) . O-aminobenz-
aldehyde was found to undergo a variety of self-
condensation reactions depending on the experimental 
72 75—77 
conditions ' . In the presence of metal ions or BF^ 
the self-condensation can lead to either complexes of the 
2+ 7R 
type (9) (with VO as template ), the tet raazamacrocycle 
(10)"^^ (with Cu(II)^2,79,80^ Zn(II)^^ or Mo2Clg^l as 
templates), the tetrafluoroborate salt of (lof^ or a 
mixture of complexes of (9) and (10) (Co(II)^^'^^ or 
71 72 78 
Ni(II) ' ' as templates). Reaction of Ni(II) with the 
77 diacid salt of o-aminobenzaldehyde or the bis anhydro-
10 
trimer^^'^^ leads extensively to the nickel(II) complexes 
of (9) and (10) respectively. 
(9) (10) 
The number, kind and arrangement of donor atoms 
also play important roles in macrocyclic selectivities; 
oxygen donors in classical crown ethers have the largest 
affinities for alkali, alkaline earth and lanthanide 
cations, nitrogen donor atoms favour transition metal 
cations, sulfur donor atoms favour ' Ag , Pb and Hg 
It is often difficult to predict with confidence the 
relative binding preferences of many polydentate ligands. 
11 
particularly multidonor ligand systems, towards particular 
metal ions because of the number of variables, such as the 
nature of the donor atoms, the number and size of the 
chelate rings formed, the flexibility of the system, the 
relative position of the donor atom and the nature of the 
ligand backbone. For macrocyclic systems, the macrocyclic 
ring size is another parameter. Thus, the cyclic ligands 
have additional stereochemical constraints which may 
influence metal ion binding and hence thermodynamic 
discrimination. 
Fenton and his co-workers have investigated 
the design and synthesis of oxaazamacrocyclic ligands with 
varying ring sizes and flexibilities including both weak 
and strong donor atoms in varied donor sets and sequences 
in order to define the principles underlying transition 
metal selectivity by macrocyclic ligands. Such discrimi-
nation is found to be structurally or stereochemically 
based. This behaviour trend is well documented through 
88—Ql the work of Tasker and his co-workers of which (11) 
is a typical examples. 
92 
Lmdoy and his co-workers have developed design 
strategies for new macrocyclic ligand systems which are 
able to recognize particular transition and post-
Q T — Q C 
transition metal ions. They have prepared and 
studied the discrimination of metal ions by ligands by 
12 
following the occurrence of "structural dislocation" along 
a series of closely related mixed donor ligand 
systems (12) & (13). 
(11) 
r\ 
Rl = R2 = (CH2)2,(CH2)3 
(12) 
X = NH,0,5 
(13) 
Macrocycles containing nitrogen donor atoms have 
been used as models to explain metal ion-macrocycle reac-
tions in biological systems. Margerum and his co-
105-108 
workers" have reported extensive investigations on 
13 
2+ 2+ 
the interaction of Cu and Ni with macrocycles 
containing nitrogen donor atoms. 
The chemistry of synthetic macrocyclic polyamines 
and macrocyclic dioxopolyamines has been drawing much 
. ^ ^5,6,17,109 _ T ^ u 
interest . These macrocycles form much more 
stable and selective complexes with various transition-
metal ions than do open chain analogues having the same 
donor arrangement. The metal complexes of the 14-numbered 
cyclic tetramine 1,4,8,11-tetraazacyclotetradecane (14) 
(14) 
(15) (16) (17) 
14 
represent reference systems in the coordination 
chemistry of azamacrocycles. The recent synthesis ' 
of (15), (16) & (17) led to the study of their complexes. 
Studies on their complexes proved that all the above (15), 
(16) & (17) form stable complexes with transition-metal 
ions ' and the Cu complex of the 14-membered (16) 
is the most stable among the three complexes . In 
addition, the 12-membered dioxomacrocyclic complexes (18) 
have been reported which were found to be much less 
(18) 
114 
stable than that of the corresponding complexes with 
the larger macrocycles (15), (16) & (17). 
The pyridyl-containing 14-membered macrocyclic 
ligand (19) forms with Cu "*" the complex [CuL]^"*", which is 
reported ' to be yellow in the solid form and red-
15 
violet in methanol solution whereas the 14-membered macro-
2+ 
cyclic tetrapeptide (20) reacts with Cu to form a 
quadruply deprotonated peptide complex with alternating 
117 15- and 16-membered rings . The macrocyclic peptide 
ligands are known to coordinate to group 1 and 2 metals 
118 119 
via peptide oxygens ' , but the macrocyclic-peptide 
complex (20) was found to be the first report of coordina-
117 tion to a transition metal via peptide nitrogen 
(19) (20) 
1 ? D — 1 7 fi Very recently! Shakir and his co-workers 
have developed a strategy for the synthesis of amide 
complexes. They have reported a wide variety of tetraaza 
and hexaazamacrocyclic (both mono and bimetallic) 
complexes bearing amide groups (21), (22), (23) & (24). 
Most of them were prepared via the template condensation 
reaction of (2+2) dicarboxylic acids with di or triamines. 
16 
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A series of reinforced macrocycles (25) has 
1 27 
recently been reported . The first example of this type 
128 129 
was synthesized by Wainwright and Ramasubbu ' which 
showed much greater rigidity than do their non reinforced 
analogues. 
Many metal complexes of porphyrins / phthalo-
131 132 
cyanines and other macrocycles have been adsorbed 
onto graphite electrodes to yield electrochemically 
active assemblies and many were found to be useful for 
fuel cell applications with varying degrees of success for 
a few metal-containing macrocycles . The importance of 
18 
phthalocyanines in many fields including chemical sensors, 
batteries, photodynamic therapy, semiconductive materials 
and liquid crystals is increasing rapdily as a result of 
newly synthesized compounds ' . Gurek and his co-
134 
workers have reported a new copper phthalocyanmate 
with 15-membered tetraazamacrocyclic substituents and its 
pentanuclear complexes. 
1 n r 1 3 C 
There is a growing interest in the synthetic ' 
1oT 138 
kinetic and photochemical aspects of the chromium 
139 (III) complexes of tetraazamacrocycles . Eilmes have 
140 
reported a new synthetic approach to macrocyclic 
complexes with peripheral substituents carrying carboxyl 
and ester functions. An efficient molecular padlocks for 
the template synthesis of 1,3,5,8,12-pentaazacyclotetra-
141 decane macrocycles (26) have been recently reported 
H/~AH 
/ N ^N V 
(26) 
19 
There is considerable current interest in the 
preparation of transition metal macrocyclic complexes 
having a variety of functional groups on the periphery of 
142 the macrocyclic ring . Hay and co-workers have studied 
tetraaza system having pendant primary amine function able 
143 to coordinate to the metal centre . Kanda and 
co-workers discussed the preparation and properties of a 
tetradentate Schiff base ligand having pendant thioether 
144 145 
functions . Stephanson and co-workers produced a 
fifteen membered macrocycle bearing a hydroxyl group and 
investigated its reactivity. Recently Busch and his co-
146 
workers studied a macrocycle with a pendant pyridyl 
function which is sterically restricted in its binding to 
the metal centres. 
It is/ therefore, apparent that the chemistry of 
macrocyclic complexes is a rich and diverse field of study 
and still forms the basis of more extensive exploration. 
20 
REFERENCES 
1. V. D. Campbell, E. J. Parson and W. T. Pennington, 
Inorg. Chem., 1993, 32, 1773. 
2. M. Kodama and E. Kiitiora, J. Chem. Soc. , Dalton 
Trans., 1980, 327. 
3. D. H. Busch, Ace. Chem. Res., 1978, 392. 
4. M. Zinc and V. Skaric, J. Org. Chem., 1988, 53, 
2582. 
5. I. M. Kolthoff, Anal. Chem., 1979, 51, IR-22R. 
6. M. Kodama and E. Kimora, J. Chem. Soc, Dalton 
Trans., 1979, 325. 
7. M, D. Tinken, W. A. Marriff, D. N. Hendrickson, R. 
R. Gagne and E. Sinn, Inorg. Chem., 1985, 24, 4204. 
8. A. B. P. Lever, M. R. Hemstfead, C. C. Leznoff, W. 
L. M. Melnik, W. A. Nevin and P. Seymour, Pure 
Appl. Chem., 1986, 58, 1467. 
9. J. P. L. Cox, K. J. Jankowski, R. Kataky, D. 
Parker, M. A. Eaton, N. R. Beeley, A. T. Millican, 
A. Harrison and C. Walker, J. Chem. Soc, Chem. 
Commun., 1989, 797. 
10. R. B. Lauffer, Chem. Rev., 1987, 87, 901. 
11. N. R. Champness, C. S. Frampton, G. Reid and D. A. 
Tocher, J. Chem. Soc, Dalton Trans., 1994, 3031. 
21 
12. C M . Che and W. K. Chencj, J. Chem. Soc. Chem. 
Comitiun., 1986, 1443. 
13. R. S. Drago, B. B. Cordon and C. W. Barnes, J. Am. 
Chem. soc, 1986, 108, 2453. 
14. L. Sanssine, E. Brazi, A. Robine, H. Mimoun, J. 
Fischer and R. Weiss, J. Am. Chem. Soc, 1985, 107, 
3534. 
15. E. Kimora and T. Yatsunami, Chem. Pharm. Bull., 
1980, 28, 994. 
16. J. P. Collman, ISI. H. Hendricks, C. R. Leider, E. 
Nagameni and M. L. Her, Inorg. Chem., 1988, 27,387. 
17. L. F. Lendoy,"The Chemistry of Macrocyclic Ligand 
Complexes ";Cambridge University Press; Cambridge, 
1989. 
18. G. A. Melson, Ed. "Coordination Chemistry of Macro-
cyclic Compound^'^. Plenum: New York, 1979. 
19. R. M. Izatt and J. J. Christensen, Eds."Synthesis 
of Macrocycles'y'The Design of Selective Complexing 
Agents"•"Progress in Macrocyclic Chemistry; Wiley-
Tnterscience: New York, Vol. 3, 1987. 
20. N. K. Dalley,"ln Synthetic Multidentate Macrocyclic 
Compounds ";R. M. Izatt and J. J. Christensen, Eds.; 
Acadimic Press; New York, 1978. 
21. D. St.C. Black and I. A. McLean, Tetrahedron Lett., 
1969, 3961. 
22 
22. W. Baker and J. W. F. McOllis, J. Chem. Soc.,1951, 
200. 
23. B. L. Shaw, J. Am. Chem. Soc, 1975, 97, 3856. 
24. L. F. Lindoy and D. H. Busch, In "Preparative 
Inorganic Reactions";' W. L. Jolly, Ed.; Wiley-
Interscience: New York, 1971, Vol. 6, p. 1. 
25. D. A. House and N. F. Curtis, Chem. Ind., 1961, 
1708. 
26. M. C. Thompson and D. H. Busch, J. Am. Chem. Soc, 
1964, 86, 3651. 
27. S. M. Nelson, Pure Appl. Chem., 1980, 52, 2461. 
28. D. E. Fenton, Pure Appl. Chem., 1986, 58, 1437. 
29. N. F. Curtis, J. Chem. Soc, 1960, 4409. 
30. N. F. Curtis, Coord. Chem. Rev., 1968, 3.3. 
31. D. E. Fenton and P. A. Vic,ato, Chem. Soc Rev., 
1988, 17, 69. 
32. P. C. Comba, N. F. Curtis, G. A. Laurance, A. M. 
Sargeson, B. W. Shelton and A. H. White, Inorg. 
Chem., 1986, 25, 4260. 
33. H. Stelter and W. Frank, Angew. Chem., Int. Ed. 
Engl,,1976, 88, 760. 
34. A. T. Kaden, Top, Curr. Chem., 1984, 121, 157. 
23 
35. J. Xu, S. Ni and Y. Lin, Inorg. Chim. Acta, 1986, 
111, 61. 
36. D. Sellman and L. Zapt, Angew. Chem. , Int. Ed. 
Engl.,1984, 23, 807. 
37. B. N. Diel, R. C. Haltiwanger and A. D. Norman, J. 
Am. Chem. Soc, 1982, 104, 4700. 
38. D. H. Cook and D. E. Fenton, J. Chem. Soc, Dalton 
Trans, 1979, 266. 
39. D. H. Cook and D. E. Fenton, J. Chem. Soc, Dalton 
Trans., 1979,810. 
40. M. G. B. Drew, A. H. Othmar , S. G. McFall and S. 
M. Nelson, J. Chem. Soc, Chem. Commun., 1975, 818. 
41. D. E. Fenton, D. H. Cook, M. G. B. Drew, S. G. 
McFall and S. M. Nelson, J. Chem. Soc, Dalton 
Trans., 1977, 446. 
42. D. E. Fenton, D. H. Cook, I. W. Nowell and P. E. 
Walker, J. Chem. Soc, Chem. Commun., 1978, 279. 
43. D. E. Fenton, D. H. Cook and I. W. Nowell, J. Chem. 
Soc, Chem. Commun., 1977, 274. 
4:A. D. E. Fenton, D. H. Cook, I. W. Nowell and P. E. 
Walker, J. Chem. Soc, Chem. Commun., 1977, 623. 
45. M. G. B. Drew, A. Rodgers, M. McCann and S. M. 
Nelson, J. Chem. Soc, Chem. Commun., 1978, 415. 
24 
46. C. Cairns, S. G. McFall, S. M. Nelson and M. G. B. 
Drew, J. Chem. Soc., Dalton Trans, 1979, 446. 
47. M. G. B. Drew, A. H. Othman, S. G. McFall, P. D. A. 
Mcllroy and S. M. Nelson, J. Chem. S o c , Dalton 
Trans., 1977, 1173. 
48. M. G. B. Drew, A. H. Othman, S. G. McFall and S. M. 
Nelson, J. Chem. S o c , Dalton Trans., 1977, 438. 
49. S. M. Nelson, P. Bryan and D. H. Busch, J. Chem. 
Soc, Chem. Commun., 196 6, 641. 
50. S. M. Nelson and D. H. Busch, Inorg. Chem., 1969, 
8, 1859. 
51. M. G. B. Drew, A. H. Othman and S. M. Nelson, J. 
Chem., Soc, Dalton Trans., 1975, 2507. 
52. M. G. B. Drew, A. H. Othman and S. M. Nelson, J. 
Chem. Soc, Dalton Trans., 1976, 1394. 
53. S. M. Nelson, S. G. McFall. M. G. B. Drew, A. H. 
Othman and N. B. Mason, J. Chem. S o c , Chem. 
Commun., 1977, 167. 
54. M. G. R. Drew, S. G. McFall ana S. M. Nelson, J. 
Chem. Soc, Dalton Trans., 1979, 575. 
55. E. Fleischer and S. Hawkinson, J. Am. Chem. Soc, 
1967, 89, 720. 
56. A. J. Rest, S. A. Smith and I. D. Tyler, Inorg. 
Chim. Acta 1976, 16. Ll. 
25 
57. J. Cabral, M. F. Cabral, M. G. B. Drew, A. Rodgers 
and S. M. Nelson, Inorcj. Cbim. Acta 1978, 30, L313. 
58. D. H. Cook, D. E. Fenton, M. G. B. Drew, A. Rodyers, 
M. McCann and S. M. Nelson, J. Chem. Soc. , Dalton 
Trans., 1979, 414. 
59. N. H. Pilkington and R. Robson, Aust. J. Chem., 
1970, 23, 2225. 
60. M. G. B. Drew, P. C. Yates, F. S. Esho, J. T. 
Grimshaw, A. Lavery, K. P. McKillop, S. M. Nelson 
and J. Nelson, J. Chem. Soc, Dalton Trans. 1988, 
2995. 
61. J. Nelson, B. P. Murphy, M. G. B. Drew, P. C. 
Yates and S. M. Nelson, J. Chem. Soc, Dalton 
Trans., 1988, 1001. 
62. M. G. B. Drew, F. S. Esho, A. Lavery and S. M. 
Nelson, J. Chem. S o c , Dalton Trans., 1984, 545. 
63. M. G. B. Drew, A. Lavery, F. S. Esho and S. M. 
Nelson, J. Am. Chem. Soc, 1983, 105, 5693. 
64. N. A. Bailey, D. E. Fenton, P. B. Roberts and A. M. 
Walford, J. Chem. S o c , Dalton Trans., 1987, 1865. 
65. A. S. Borovic, V. Papaef thymiou, L. F. Taylor, O. 
P. Anderson and L. Q. Jun. J. Am. Chem. S o c , 1989, 
111, 6183. 
66. S. M. Nelson, F. S. Esho and M. G. B. Drew, J. 
Chem. Soc, Chem. Commun., 1981, 388. 
26 
67. B. P. Murphy, J. Nelson, M. G. B. Drew, P. Yates 
and S. M. Nelson, J. Chem. Soc, Dalton Trans. 
1987, 123. 
68. M. Suzuki, H. Oshio, A. Ueharu, K. Endo, M. Yanaga, 
S. Kida and K. Saito, Bull. Chem. Soc. Jpn., 1988, 
61, 3907. 
69. N. A. Bailey, D. E. Fenton, R. Moody, P. J. 
Scrimshrie, E. Beloritzky, P. H. Fries and J. M. 
Latour, J. Chem. Soc, Dalton Trans., 1988, 2817. 
70. P. Zanella, S. Tamburini, P. A. Vigato and G. 
Mazzocchin, Coord. Chem. Rev., 1987, 77, 165 and 
references therein. 
71. G. A. Melson and D. H. Busch, J. Am. Chem. S o c , 
1965, 87, 1706. 
72. G. A. Melson and D. H. Busch, J. Am. Chem. Soc, 
1964, 86, 4834. 
73. G. A. Melson, "Coordination Chemistry of Macro-
cyclic Compounds", Plenum, New York, 1979. 
74. V. Katovic, S. C Vergez and D. H. Busch, Inorg. 
Chem., 1977, 16, 4141. 
75. S. C. Commings and D. H. Busch, J. Am. Chem. Soc, 
1970, 92, 1924. 
76. J. D. Goddard and T. Norris, Inorg. Nucl. Chem. 
Lett., 1978, 14, 211. 
27 
77. J. S. Skuratowicz, I. L. Madden and D. H. Busch, 
Inorg. Chem., 1977, 16, 1721. 
78. G. Hawley and E. L. Blinn, Inorg. Chem., 1975, 14, 
2865. 
79. M. A. Tait and D. H. Busch, Inorg. Synth., 1978, 
18, 30. 
80. L. T. Taylor, S. C. Vergez and D. H. Busch, J. Am. 
Chem. Soc, 1966, 88, 3170. 
81. A. Sahajpal and P. Thornton, Polyhedron, 1984, 3, 
257. 
82. L. T. Taylor and D. H. Busch, Inorg. Chem., 1969, 
8, 1366. 
83. V. Alexander, Chem. Rev., 1995, 95, 273. 
84. F. Vogtle and E. Weber, ^  In "Crown Ethers and 
Analog^'; S. Patai and Z. Rapp port, Eds., Wiley: 
New York 1989; p. 207. 
85. D. E. Fenton, Pure Appl. Chem., 1989, 61, 1563. 
86. D. E. Fenton, B. P. Murphy, R. Price, P. A. Tosker 
and D. J. Winter, J. J. Inclusion Phenom., 1987, 5, 
143. 
87. D. E. Fenton, B. P. Murphy, A. J. Leong, L. F. 
Lindoy, A. Bashall and M. McPartlin, J. Chem. Soc, 
Dalton Trans., 1987, 2543. 
28 
88. K. R. Adam, K. P. Dancy, B. A. Harrison, A. J. 
Leong, L. F. Lindoy, M. McPartlin and P. A. Tasker, 
J. Chem. Soc, Chem. Commun., 1983, 1351. 
89. K. R. Adam, A. J. Leong, L. F. Lindoy, B. J. McCccl, 
A. Ekstrom, L. Liepa, P. A. Harding, K. Henrick, M. 
McPartlin and P. A. Tasker, J. Chem. S e e , Dalton 
Trans., 1987, 2537. 
90. K. Henrick, P. M. Judd, P. G. Owston, R. Peters, P. 
A. Tasker anc R. W. Turner, J. Chem. S o c , Chem. 
Ccmmun., 1983, 1253. 
91. P. A. Tasker, J. Trotter and L. F. Lindoy, J. Chem. 
Res., 1980, 3834. 
92. L. F. Lindoy, In"Pro9rss in Macrocyclic Chemistry"; 
R. M. Izatt and J. J. Christensen, Eds: Wiley 
Interscience: New York, 1987; Vol.3, p.53 and 
references therein. 
93. L. F. Lindoy and D. H. Busch, Inorg. Nuclear Chem. 
Letters, 1969, 5, 525. 
94. L. G.Armstrong and L. F. Lindoy, Inorg. Nuclear 
Chem. Letters, 1974, 10, 349. 
95. P. S. K. Chia, A. Ekstrom, I. Liepa, L. F. Lindoy, 
M. McPartlin, S. V. Smith and P. A. Tasker, Aust. 
J. Chem., 1991, 44, 737. 
96. L. F. Lindoy, B. W. Skelton, S. V. Smith and A. H. 
White, Aust. J. Chem., 1993, 46, 363. 
97. L. F Lindoy, Chem. Soc. Rev., 1975, 421. 
29 
98. K. R. Adam, A. J. Leong, L. F. Lindoy, H. C. Lip, 
B. W. Skelton and A. H. White, J. Am. Chem. Soc, 
1983, 105, 4645. 
99. K. R. Adam, C. W. G. Ansell, K. P. Dancey, L. A. 
Drummond, A. J. Leong, L. F. Lindoy and P. A. 
Tasker, J. Chem. Soc. Chem. Comun., 1986, 1011. 
100. K. R. Adam, K. P. Dancey, A. J. Leong, L. F. 
Lindoy, B. J. McCool, M. McPartlin and P. A. 
Tasker, J. Am. Chem. Soc, 1988, 110, 8471. 
101. L. F. Lindoy, Pure Appl. Chem., 1989, 61, 1575. 
102. K. R. Adam, M. Antolovich, D, S. Baldwin, P. A. 
Duckworth, A. J. Leong, L. F. Lindoy, M. McPartlin 
and P. A. Tasker, J. Chem. S o c , Dalton Trans, 
1993, 1013. 
103. K. R. Adam, L. F. Linody, B. W. Skelton, S. V. 
Smith and A. H. White, J. Chem. Soc, Dalton Trans, 
1994, 3361. 
104. K. R. Adam, D. S. Baldwin, P. A. Duckworth, L. F. 
Lindoy, W. McPartlin, A. Bashall, H. R. Powell and 
P. A. Tasker, J. Chem. S o c , Dalton Trans., 1995, 
1127. 
105. D. K. Cabbiness and D. W. Margerum, J. Am. Chem. 
S o c , 1969, 91, 6540. 
106. D. K. Cabbiness and D. W. Margerum, J. Am. Chem. 
Soc, 1970, 92, 2151. 
30 
107. F. P. Hinz and D. W. Margerum, J. Am. Chem. Soc, 
1974, 96, 4993. 
108. H. P. Hopkins and A. B. Norman, J. Phys. Chem., 
1980, 84, 309. 
109. M. Kodama and E. Kimora, J. Chem. S o c , Dalton 
Trans., 1978, 1081. 
110. A. De Bias, G. De Santis, L. Fabbrizzi, M. 
Licchelli, A. M. M. Lanfredi, P. Marosini, P. 
Pallavicini and F. Ugozzoli, J. Chem. S o c , Dalton 
Trans., 1993, 1411. 
111. I. Tabushi, Y. Taniguchi and H. Kato, Tetrahedron 
Lett., 1977, 1049. 
112. T. Yatsunami, A. Sakonaka and E. Kimora, Anal. 
Chem., 1981, 53, 477. 
113. M. Kodama, T. Yatsunami and E. Kimora, J. Chem. 
Soc, Dalton Trans., 1979, 1783. 
114. H. Sigel ;and R. B. Martin, Chem. Rev., 1982, 82, 
385. 
115. M. Kodama and E. Kimora, J. Chem. S o c , Dalton 
Trans., 1981, 694. 
116. F. Vogtel, E. Weber, W. Wehner, R. Natscher and J. 
Grutze, Chem.-Ztg., 1974, 98, 562. 
117. J. S. Rybka and D. W. Margerum, Inorg. Chem., 1980, 
19, 2784. 
31 
118. V. Madison, M. Atreyi, C. M. Deber and E. R. Blout, 
J. Am. Chem. Soc, 1974, 96, 6725. 
119. D. Baron, L. G. Pease and E. R. Blout, J. Am. Chem. 
Soc, 1977, 99, 8299. 
120. M. Shakir and S. P. Varkey, Polyhedron, 1995, 14, 
1117. 
121. M. Shakir and S. P. Varkey, Ind. J. Chem., 1995, 
34A, 355. 
122. M. Shakir, S. P. Varkey, F. Firdaus and P. S. 
Hameed, Polyhedron, 1994, 13, 2319. 
123. M. Shakir, S. P. Varkey and T. A. Khan, Ind. J. 
Chem., 1995, 34A, 72. 
124. M. Shakir, S. P. Varkey and P. S. Hameed, 
Polyhedron, 1994, 13, 1355. 
125. M. Shakir and S. P. Varkey, Transition Met. Chem., 
1994, 19, 606. 
126. M. Shakir, S. P. Varkey and P. S. Hameed, 
Polyhedron, 1993, 12, 2775. 
127. T. N. Mali, P. W. Wade and R. D. Hancock, J. Chem. 
Soc, Dalton Trans., 1992, 67. 
128. K. P. Wainwright, Inorg. Chem., 1980, 19, 1396. 
129. K. P. Wainwright and A. Ramasubu, J. Chem. Soc 
Chem. Commun., 1982, 277. 
32 
130. J. P. Collman, M, Marrocco, P. Denisevich, C. Koval 
and C. F. Anson, J. Electroanal. Chem. Interfacial 
Electrochem. 1979, 101, 117. 
131. H. Tachikawa and L. R. Falkner, J. An. Chem. Soc, 
1978, 100, 4379. 
132. E. Yeager, Electrochim. Acta. 1984, 29, 1527. 
133. C. Piechocki and J. Simon, Nouv. J. Chim. 1985, 9, 
159. 
134. A. Gurek, V. Ahsen, A. Gul and O. Bekaroglu, J. 
Chem. S o c , Dalton Trans., 1991, 3367. 
135. L. Y. Martin, L. J. Dettayes, L. J. Zompa and D. H. 
Busch, J. Am. Chem. Soc, 1974, 96, 4046. 
136. C. K. Poon and K. C. Pun, Inorg. Chem., 1980, 19, 
568. 
137. D. Yangand D. A. House, Inorg. Chim. Acta, 1982, 
64, L 167. 
138. N. A. P. Kane-Maguire, K. C. Wallace, D. P. 
Cobranchi, J. M. Derrick and D. G. Speece, Inorg. 
Chem., 1986, 25, 2101. 
139. R. W. Hay and M. T. H. Tarafder, -J. Chem. Soc 
Dalton Trans, 1991, 823. 
140. J. Elmes, Polyhedron, 1988, 7, 2197. 
33 
141. A. D. Bias, G. D. Santis, L. Fabbrizzi, M. 
Licchelli/ A. M. M. Lanfredi, P. Morosini, P. 
Pallavicini and F. Ugozzoli, J. Chem. Soc. Dalton 
Trans, 1993, 1411. 
142. T. A. Kaden, Top. Curr. Chem., 1984, 121, 157. 
143. R. W. Hay, M. P. Pujari, B. K. Daskiewicz, G. 
Ferguson and D. L. Rohl, J. Chem. Soc, Dalton 
Trans., 1989, 85. 
144. W. Kanda, H. Okawa, S. Kida, J. Goral and K. 
Nakamoto, Inorg. Chim. Acta. 1988, 146, 193. 
145. N. A. Stephenson, H. E. Tweedy and D. H. Busch, 
Inorg. Chem., 1989, 28, 4376. 
146. H. E. Tweed, N. W. Alcock, N. Matsumoto, P. A. 
Padolik, N. A. Stephenson and D. H. Busch, Inorg. 
Chem., 1990, 29, 616. 
CHAPTER - II 
EXPERIMENTAL METHODS 
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There are several physico-chemical methods for the 
study of coordination compounds. A brief description of 
the techniques used in the investigation of the newly 
synthesized complexes described in the present work are 
given below: 
1. Infrared Spectroscopy. 
2. Nuclear Magnetic Resonance Spectroscopy. 
3. Electron Paramagnetic Resonance Spectroscopy. 
4. Ultraviolet and Visible (Ligand Field) Spectroscopy. 
5. Magnetic Susceptibility Measurements. 
6. Molar Conductivity Measurements and 
7. Elemental Analysis. 
INFRARED SPECTROSCOPY 
When infrared light is passed through a sample of a 
compound, some of the frequencies are absorbed, while 
other frequencies are transmitted through the sample 
without being absorbed. If we plot the absorbance or 
transmttance against frequency, the result is an infrared 
Spectrum. 
,.,rared absorption spectra are commonly obtained 
,^ in one beam of a double beam 
by placing the sample m 
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infrared spectrophotometer measuring the relative 
intensity of transmitted light and therefore the absorbed 
light energy versus wave number when the infrared light of 
the same frequency is incident on the molecule, energy is 
absorbed and amptitude of the energy is measured. When 
the molecule reverse from the excited state to the ground 
state, the absorbed energy is released as heat. The 
occurrence or non-occurrence of an infrared radiation is 
governed by the following selection rules. 
i) In order for a molecule to absorb infrared 
radiation as vibrational excitation energy, there must be 
a change in the dipole moment of the molecule as it 
vibrates. 
ii) In absorption of the radiation, only transition for 
which change in the vibrational energy level is A V = 1 
can occur, since most of the transition will occur from 
state V to V, the frequency corresponding to its energy 
is called fundamental frequency. The frequency of certain 
groups of atoms is called group frequency. These frequen-
cies are characteristic of the group irrespective of the 
nature of the molecule in which these groups are attached. 
The absence of any band in the approximate region 
indicates the absence of that particular group in the 
molecule. 
36 
The infrared radiation is usually said to have 
wavelength lying between 0.8 yi to 1000 p. The wave number 
i.e. the number of waves per centimeter is used to 
characterize the radiation. 
In the following paragraphs, only those frequencies 
which are pertinent to the discussion of the newly synthe-
sized compounds will be discussed. 
Methyl Group Frequency 
Absorption arising from C-H stretching in the 
alkanes occurs generally in the region of 2840-3000 cm 
The positions of C-H stretching vibration are among the 
most stable in the spectrum. An examination of a large 
number of saturated hydrocarbons containing melthyl groups 
showed in all cases, two distinct bands occuring at 2960 
cm and 2870 cm . The first of these results from 
asymmetric stretching mode in which two C-H bands of the 
melthyl group are extending while the third one is 
contracting (V^^ ^^3^* "^ ^^  second arising from symmetric 
stretching (V^ CH^) in which all three of C-H bands 
extend and contract in phase. The presence of several 
methyl groups in a molecule results in a strong absorption 
bands at these positions. 
N-H Stretching Frequency 
The N-H stretching vibration occurs in the region 
3300-3500 cm in dilute solution . The N-H stretching 
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band shifts to lower value in the solid state due to 
extensive hydrogen bonding. Primary amines in dilute 
solution, in non-polar solvents give two absorption bands 
in the above mentioned region, the first of which due to 
symmetric stretching is usually found near 3400 cm and 
second which corresponds to asymmetric modes is found near 
3500 cm" . These bands are usually 125-150 cm apart. 
Secondary amines show only a single N-H stretching vibra-
tions in dilute solutions. The intensity and frequency of 
N-H stretching vibrations of the secondary amines are very 
sensitive to structural changes. The low intensity band 
is found in the range 3310-3350 cm in heterocyclic 
secondary amines such as pyrazoles and imidazoles. 
C-N Stretching Frequency 
The C-N stretching absorption gives rise to strong 
-1 1 2 
bands in the region 1250-1350 cm in all the amines . 
In primary aromatic amines there is one band in the region 
1250-1340 cm but in secondary amines two bands have been 
found in the regions 1280-1350 and 1230-1280 cm""*". 
C=N Stretching Frequency 
Schiff's bases (RCH=NR, imines), oximes, thiasoles, 
iminocarbonates etc. show the C=N stretching frequency in 
-1 1 2 the 1471-1689 cm region ' . Although the intensity of 
the C=N stretch is variable, it is usually more intense 
than the C=C stretch. 
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Amide Bands 
All amides show a carbonyl absorption band known as 
1 3 
amide I band ' . Its position depends on the degree of 
hydrogen bonding and thus on the physical state of the 
compound. The C=0 absorption (amide I band) of amides 
occurs at longer wave length than normal carboxyl absorp-
tion due to the resonance effect. Primary amides have a 
strong amide I band in the region 1650 cm when examined 
in the solid phase. When the amide is examined in dilute 
solution the absorption is observed at a higher frequency, 
near 1690 cm" . Simple open chain secondary amides absorb 
nearly at 1640 cm when examined in solid state. 
All primary amides show a sharp absorption band in 
dilute solution (amide II band) resulting from NH„ bending 
at a somewhat lower frequency than the C=0 band. Secondary 
acyclic amides in the solid state display an amide II band 
in the region of 1515-1570 cm . A weaker band near 1250 
cm results from interaction between the N-H bending and 
C-N stretching (amide III band). A broad medium band in 
the 666-800 cm region (amide IV) in the spectra of 
primary and secondary amides reults from out of plane C=0 
wagging. 
M-N Stretching Frequency 
The M-N stretching frequency is of particular 
interest since it provides direct information regarding 
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the metal-nitrogen coordinate bond. Different amine 
2 
complexes exhibit the metal-nitrogen frequencies in the 
region 300-450 cm 
M-X Stretching Frequency 
Metal-halogen stretching vibrations are generally 
2 
observed in the low frequency infrared region ( 200 - 400 
cm~ ) . In the complex CU2X2 (Pyridine-1-oxidase)2/ a 
single band at 315 cm" with a shoulder at 325 cm must 
be due to the terminal Cu-Cl frequency. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
As is implied in the name, nuclear magnetic 
resonance (or NMR) is concerned with the magnetic proper-
ties of certain atomic nuclei. Studying a molecule by NMR 
spectroscopy enables one to record differences in the 
magnetic properties of the various magnetic nuclei present 
and to deduce in large measure what the positions of these 
nuclei are within the molecule. 
The nuclei of certain isotopes possess a mechanical 
spin or angular momentum. The NMR spectroscopy is 
concerned with nuclei having spin quantum number I - 1/2 
examples of which include H, P, F etc. 
For a nucleus with I = 1/2 there are two values for 
the nuclear spin angular momentum quantum number m = + 1/2 
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which are degenerate in the absence of a magnetic field, 
in the presence of magnetic field/ however, this degene-
racy is lost such that the positive value of m corresponds 
to the lower energy state and negative value to higher 
energy state separated by an energy gap £iE. 
3 
In an NMR experiment , one applies strong homo-
genous magnetic field causing the nuclei to precess. 
Radiation of energy comparable to A E is then imposed with 
radio frequency transmitter equal to precession or Larmor 
frequency and the two are said to be in resonance. When a 
nucleus is excited from low energy to high energy state, 
the energy can be transferred to and from the source and 
the sample, and as a result, NMR signal is obtained. 
ELECTRON PARAMAGNETIC RESONANCE 
SPECTROSCOPY 
4 5 
It has been demonstrated ' that when a paramagne-
tic salt is placed in a high frequency alternating 
magnetic field, it absorbs energy which is influenced by 
the application of a static magnetic field either parallel 
or perpendicular to the alternating magnetic field. Since 
then this phenomenon has become a technique of immense 
importance in science. 
It is well known that a paramagnetic ion has a 
magnetic moment and therefore its ground state is 
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degenerate. If this ion is placed in a strong static 
magnetic field the degeneracy is lifted and the energy 
levels undergo Zeeman splitling. Application of an osci-
llating magnetic field of appropriate frequency will 
induce transitions between the Zeeman levels and energy is 
absorbed from the electromagnetic field. If the static 
magnetic field is slowly varied, the absorption shows a 
series of maxima. The plot between the absorbed energy 
and the magnetic field is called the electron paramagnetic 
resonance spectrum. 
A system of charges exhibits paramagnetism whenever 
it has a resultant angular momentum. Such paramagnetic 
system includes elements containing 3d, 4d, 4f, 5d, 5f, 6d 
etc. electron, atoms having an odd number of electrons 
like hydrogen, molecules containing odd number of 
electrons such as N0_, NO etc. and free radicals which 
possess an unpaired electron like CH-, DPPH etc are among 
the suitable candidates for EPR investigation. 
Splitting of energy levels in EPR occurs under the 
effect of two types of fields, namely the internal crys-
talline field and applied magnetic field. While studying 
a paramagnetic ion in a diamagnetic crystal lattice, two 
types of interactions are observed, i.e. interactions 
between the paramagnetic ion and the diamagnetic neigh-
bours called crystal field interaction. For small doping 
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amount of paramagnetic ion in the diamagnetic host, the 
dipolar interaction will be negligibly small. The latter 
interaction of paramagnetic ion with diamagnetic ligands 
modify the magnetic properties of the paramagnetic ions. 
According to crystal field theory, the ligands influence 
the magnetic ion through the electric field which they 
produce at its site and their orbital motion get modified. 
The crystal field interaction is affected by the electro-
static screening by the outer electronic shells. 
The dipole-dipole interaction arises from the 
influence of magnetic field of one paramagnetic ion on the 
dipole moments of the neighbouring similar ions. The 
local field at any given site will depend on the arrange-
ments of the neighbours and the direction of their dipole 
moments. Thus the resultant magnetic field on the 
paramagnetic ion will be the vector sum of the external 
field and the local field. This resultant field varies 
from site to site giving a random displacement of the 
resonance frequency of each ions and thus broadening the 
line widths. 
Hyperfine interactions are mainly magnetic dipole 
interactions between the electronic magnetic moment and 
the nuclear magnetic moment of the paramagnetic ion. The 
quartet structure in the EPR of divalent copper ion and 
the acetate structure in the EPR of vanadyl ion are the 
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results of the hyperfine interactions. The origin of this 
can be understood simply by assuming that the nuclear 
moment produces a magnetic field pN at the magnetic 
electrons and the modified condition will be: 
E = h)) = g |p + N| 
Where pN takes up 21 + 1 
Where I is the nuclear spin. 
There may also be an additional hyperfine structure 
due to the interaction between magnetic electrons and the 
surrounding nuclei called superhyperfine structure. The 
effect was first observed by Owens and Stevens in ammonium 
chloroiridate and subsequently for a number of transition 
7 8 
metal ions in various hosts ' . 
ULTRA-VIOLET AND VISIBLE (LIGAND FIELDS) 
SPECTROSCOPY 
Molelcular absorption in the ultraviolet and 
visible region of the spectrum is dependant on the 
electronic structure of the molecule. Absorption of 
energy is quantized and results in the elevation of 
electrons from orbitals in the ground state to higher-
energy orbitals in an excited state. In practice, ultra-
violet spectrometry is for the most part limited to 
conjugated systems. 
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Most of the compounds absorb light somewhere in the 
spectral region between 200 and 1000 nm. These transi-
tions correspond to the excitation of electrons of the 
molecules from ground state to higher electronic states. 
In a transition metal all the five d orbitals viz. dj^ y, 
d 2' ^xz ' ^22 and d^.! 2 are degenerate. However, in 
coordination compounds due to the presence of ligands this 
degeneracy is lifted and the d orbitals split into two 
groups called t.^ ^^xy' <^ yz "^"^  *^ xz^  ^"^ ^g ^^z^ ^"^ 
d 2 2) in an octahedral complex and t and e in a 
x -y 
tetrahedral complex. The set of t- orbitals goes below 
and the set of e q orbitals goes above the original level 
of the degenerate orbitals in an octahedral complex. In 
case of tetrahedral complexes the positions of the two 
sets of orbitals is reversed, the e going below and t 
going above the original degenerate level. When a 
molecule absorbs radiation its eriergy equal in magnitude 
to h\) and expressed by the relation 
E = hP 
or E = ^^/\ 
where h is plank's constant, V and^X are the frequency and 
wavelength of the radiation, respectively and c is the 
velocity of light. 
In order to interpret the spectra of transition 
metal complexes, the device of energy level diagram based 
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upon "Russell Saunder Scheme" must be introduced. This 
has the effect of splitting the highly degenerate confi-
gurations into groups of levels having lower degeneracies 
known as "Term Symbols". 
The orbital angular momentum of electrons on a 
filled shell vectorically add upto zero. The total 
orbital angular momentum of an incomplete d shell electron 
is obtained by adding L value of the individual electrons, 
which are treated as a vector with the component ml in 
the direction of the applied field. Thus 
L="2ml, - 0 1 2 3 4 5 6 
1 '• 
S P D F G H I 
The total spin angular momentum S = ^ S, 
where S^ is the value of spin angular momentum of the 
individual electrons. S has a degeneracy equal to 2S+1, 
which is also known as "Spin Multiplicity". Thus a term 
is finally denoted as " L". For example, if S = 1 and L 
= 1, the term will be P and similarly if S = 1, 1/2 and 
L = 3, the term will be F. 
In general the terms arising from a d" configura-





^F, h , ^G, ^D. ^S 
S, S, H^, ^G, F^, 2D(2), 2p 
^ D , ^ H , ^ G , ^ F ( 2 ) , ^ D , 2 P ( 2 ) , 1 G { 2 ) , ^ F / D ( 2 ) , ^ S ( 2 ) 
^ S / G / F / D / P , 2 I , 2 H , 2 G ( 2 ) , 2 F ( 2 ) , 2 D ( 3 ) , 2 P , 2 S 
Coupling of L and S also occurs, because both L and 
S (if non-zero), degenerate magnetic fields and thus tend 
to orient their moments with respect to each other in the 
direction where their interaction energy is least. This 
coupling is known as "LS Coupling" and gives rise to the 
resultant angular momentum denoted by the quantum number J 
which may have quantized positive values from |L+S | upto 
|L-S| e.g., in the case of ^P(L=1, S-1), ^F{h=3, S=ll/2) 
possible values of J representing state, arising from term 
splitting are 2, 1 and 0 and 41/2, 31/2, 21/2 and 11/2. 
Each state specified by J is 2J+1 fold degenerate. The 
total number of states obtained from a term is called the 
multiplet and each value of J associated with a given 
value of L is called component. Spectral transitions due 
to Spin-orbit coupling in an atom or ion occurs between 
the components of two different multiplets while LS 
coupling scheme is used for the elements having atomic 
number less than 30, in that case spin-orbit interactions 
are large and electrons repulsion parameters decrease. The 
spin-angular momentum of an individual electron couples 
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with its orbital momentum to give an individual J for that 
electron. The individual J's couple to produce a resulant 
J for the atom. The electronic transitions taking place 
in an atom or ion are governed by certain 'Selection 
Rules' which are as follows: 
1. Transition between states of different multi-
plicity are forbidden. 
2. Transitions involving the excitation of more 
than one electron are forbidden. 
3. In a molecule, which has a centre of symmetry, 
transitions between two gerade or two ungerade 
state are forbidden. 
It is possible to examine the effects of crystal 
field on a polyelectron configuration. The ligand field 
splitting due to cubic field can be obtained by considera-
tions of group theory. It has been shown that as S state 
remains unchanged, P states do not split, a D state splits 
into two, F states into three and a G state into four 
states as tabulated below. This holds for octahedral 'Oh' 
as well as tetrahedral 'Td' symmetry. 
S A, 
P T, 
D E + T-
F ^2 + ^1 + ^2 
G A2 + E + T- + T2 
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Transition from the ground to the excited state 
occurs according to selection rules described earlier. 
The energy level order of the states arising from the 
splitting of a term state for a particular ion in an 
octahedral field is the reverse of that in a tetrahedral 
field for the same ion. 
Sometimes due to transfer of charge from ligand to 
metal or from metal to ligand, bands appear in the ultra 
violet region of the spectrum. Such spectra are known as 
"Charge Transfer Spectra" or redox spectra. For metal 
complexes there are often possibilities that charge 
transfer spectra extend into the visible region to abscure 
d-d transition. However, these should be clearly 
discerned from the ligand bands which might also occur in 
the same region. 
MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of transition 
metal complexes have been found to provide ample informa-
tion in assigning their structure. The main contribution 
to bulk magnetic properties arises from magnetic moment 
resulting from the motion of electrons. It is possible to 
calculate the magnetic moments of known compounds from the 
measured values of magnetic susceptibility. 
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There are several kinds of magnetism in substances 
viz diamagnetism , paramagnetism and ferromagnetism or 
antiferromagnetism. Most transition metal complexes are 
paramagnetic. Diamagnetism is attributable to the closed 
shell electrons in an applied magnetic field. In the 
closed shell the electron spin moment and orbital moment 
of the individual electrons balance one another so that 
there is no magnetic moment. Ferromagnetism and anti-
ferromagnetism arise as a result of interaction between 
dipoles of neighbouring atoms. 
If a substance is placed in a magnetic field H, the 
magnetic induction B with the substance is given by 
B = H + 4 TC I 
where I is the intensity of magnetisation. 
The ratio B/H is called the magnetic permeability 
of the material and is given by 
B/H = 1 + 4 7t(I/H) = 1 + 4 K K 
where K is called the magnetic susceptibility per unit 
volume or volume susceptibility. B/H is the ratio of the 
density of lines of force within the substance to the 
density of such lines in the same region in the absence of 
the sample. Thus the volume susceptibility of a vacuum is 
by definition zero since in vacuum B/H = 1. 
When magnetic susceptibility is considered on the 
weight basis, the gram susceptibility ( 7^ ) is used 
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instead of volume susceptibility. "^ ^^  )-*eff "^ •^'-^ ^ ^ ^" then 
be calculated from the gram susceptibility multiplied by 
the molecular weight and corrected for diamagnetic value 
as 
U_^^ = 2.84 \f X.. ^ ^""T BM corr, 
eff ~ -•--<' "M 
where T is the ;absolute temperature at which the experi-
ment is performed. 
The magnetic properties of any individual atom or 
ion will result from some combination of these two 
properties that is the inherent spin moment of the 
electron and the orbital moment resulting from the motion 
of the electron around the nucleus. The magnetic moments 
are usually expressed in Bohr magnetons (BM). The 
magnetic moment of a single electron is given by 
jls (in BM) = g / S(S+1) 
where S is the spin quantum number and g is the gyromag-
netic ratio. 
For ions whose ground states are S state (Mn^ "^ , 
Fe ) there is no orbital angular momentum. In general 
however, the transition metal ions in their ground state D 
or F being most common, do possess orbital angular 
momentum. For these ions, such as Co and Ni^ "*" the 
magnetic moment is given by; 
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>j = g / 4S(S+1) + L(L+1) 
'S+L 
in which L represents the orbital angular momentum quantum 
number for the ion. 
The spin magnetic moment is insensitive to the 
environment of the metal ion, the orbital magnetic moment 
is not. In order for an electron to have an orbital 
angular momentum and thereby an orbital magnetic moment 
with reference to a given axis it must be possible to 
transform the orbital into a fully equivalent orbital by 
rotation about the axis. 
For octahedral complexes the orbital angular 
momentum is absent for A, , A„ and E terms, but can be 
ig ^g g 
present for T, and T„ terms. Magnetic moments of the 
complex ion A„ and E ground terms may depart from the 
spin only value by a small amount. The magnetic moments 
of the complexes possessing T ground terms usually differ 
from the high spin value and vary with temperature. The 
magnetic moments of the complexes having a A, ground 
term are very close to the spin only value and are 
independent of temperature. 
For octahedral and tetrahedral complexes in which 
spin-orbit coupling causes a split in the ground state an 
orbital moment contribution is expected. Even no 
splitting of the ground state appears in cases having no 
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orbital moment contribution, an interaction with higher 
states can appear due to spin-orbit coupling givinc, an 
orbital moment contribution. 
Practically the magnetic moment value of the 
unknown complex is obtained on Gouy magnetic balance, 
Faraday method can also be applied for the magnetic 
susceptibility measurements of small quantity of solid 
samples. 
The gram susceptibility is measured by the 
following formula: 
X9 = AW !Btd_ .^^ 
where 
Xg = Gram susceptibility 
A w = Change in weight of the unknown sample with 
magnet on and off. 
Weght of the unknown sample W 
^^?td " Change in weight of standard sample with 
magnet on and off. 
^std " Weight of standard sample 
^std " ^^ "^^  susceptibility of the standard sample. 
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CONDUCTANCE MEASUREMENTS 
One of the simplest and easily available techni-
ques used to study the nature of complexes is the conduc-
tivity measurement. It gives direct information regarding 
whether a given compound is ionic or covalent. For this 
purpose the measurement of molar conductance(-Am) which is 
related to the conductance value in the following manner 
is made. 
J\ _ Cell constant x Conductance 
Concentration of solute expressed in 
— 1 7 
mol cm'^  
_3 
Conventionally solution of 10 M strength are used 
for the conductance measurement. Molar conductance values 
of different types of electrolytes in a few solvents are 
given below: 
A 1:1 e l e c t r o l y t e may h a v e a v a l u e of 
50-75 ohm cm mol i n d i m e t h y l formamide ~ and 
-1 2 - 1 75-95 ohm cm mol i n n i t r o m e t h a n e , 
- 1 2 - 1 100-165 ohm cm mol i n m e t h y l c y a n i d e . 
S i m i l a r l y , a s o l u t i o n of 2 : 1 e l e c t r o l y t e may have a 
v a l u e of 
-1 2 —1 
130-170 ohm cm mol in dimethyl formamide 
-1 2 —1 150-185 ohm cm mol in nitromethane and 
— 1 2 —1 190-225 ohm cm mol in methylcyanide. 
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ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixinc, 
the stoichiometric composition of the ligand as well as 
its metal complexes. Carbon, hydrogen and nitrogen 
analyses were carried out with a Thomas and Colman 
analyser. Carlo Erba 1108. Chlorine estimation was 
12 
analysed by conventional method . For the metal estima-
13 tion , a known amount of complex was decomposed with a 
mixture of nitric, perchloric and sulphuric acid in a 
beaker. It was then dissolved in water and made upto a 
known volume so as to titrate it with standard EDTA. For 
chlorine estimation a known amount of the sample was 
decomposed in a crucible and dissolved in water with a 
little concentrated nitric acid. The solution was then 
treated with silver nitrate solution. The precipitate was 
dried and weighed. 
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CHAPTER - / / / 
HO MO B IN UCL EATING 
22-MEMBERED TETRAIMINE 
HEXAAZAMACROCYCLIC COMPLEXES: 
SYNTHESIS AND CHARACTERIZATION 
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INTRODUCTION 
In recent years, a large body of binucleatincj 
ligands capable of binding two metal ions in close proxi-
mity has appeared in the literature as a result of their 
relevance to various aspects of coordination chemistry . 
Of special interest among growing body of complexing 
agents are the macrocyclic ligands because they can impose 
a high degree of preorganization on metal complex 
formation . Furthermore, macrocyclic ligands also 
constitute an excellent basis for the study of the 
molecular recognition type of phenomena since their cavity 
3 
size, shape and components can be readily varied . The 
design and synthesis of binuclear macrocyclic transition 
metal complexes- remains an important objective as poten-
tial catalysts, as models for a number of metalloproteins, 
and in investigations concerning the mutual influence of 
the two metal centers on the electronic, magnetic and 
electrochemical properties of such closely spaced 
4-9 paramagnetic centers . The macrocyclic donor fixes the 
metal ions and this determines within the limits of the 
macrocycle's flexibility, the internuclear distance. 
It is well established that transition-metal ions 
may act as templates for the preparation of Schiff-base 
1 • 1 10-12 ^ . , 
macrocyclic complexes . Typical experimental proce-
57 
dures have involved the reaction of a diamine with a 
dicarboxyl compound in the presence of an appropriate 
metal ion, when a macrocyclic complex is obtained. Such 
condensations have been applied to the synthesis of a wide 
^ ^ ^- ^^ ^ -1 • -. 10-12,13 
range of Schiff-base macrocyclic complexes and 
provide the commonest synthetic procedure for the prepara-
tion of these compounds. 
Binucleating macrocyclic ligands with similar and 
dissimilar coordination sites have been reported and the 
later is of particular interest because such macrocyclic 
complexes are thermodynamically stabilized and kinetically 
retarded with regard to metal dissociation and metal 
substitution relative to metal complexes of acyclic 
ligands ' . Various macrocycles have been synthesized 
as their metal complexes through the condensation of 
aromatic dialdehydes and primary diamines in the presence 
of metal ions as templates, and in most cases 2,6-diformyl 
4-methylphenol is employed as the 'head' unit for the 
macrocyclic framework and these complexes have been 
extensively used, for the studies on homo and hetero-
binuclear and mixed valence complexes ~ . In this class 
of compounds macrocycles with the same and different 
lateral chains have been synthesized by direct and 
stepwise template reactions, respectively. Nelson and co-
workers have reported many binuclear macrocyclic systems 
incorporating different bridging ligands^''""^^. Martell 
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25-29 
and his co-workers have reported a wide variety of 
polyazamacrocyclic binucleating complexes with different 
bridging atoms or groups. They have also added an elegant 
note on the catalytic activities of the Cu(I) and Cu(II) 
complexes of the Schiff base used in the synthesis of some 
25 
of their ligands . This chapter accounts for the 
template synthesis and characterization of binuclear 
tetraimine hexaazamacrocyclic complexes [M2LX^] (M 
Co(II), Ni(II) and Zn(II)) and [Cu2LX2]X2 (X = CI or NO^)-
EXPERIMENTAL 
The metal salts C0X2.6H2O, NiX2.6H20, CUX2.2H2O and 
ZnCl„ Zn(NO-) .6H 0 [X = CI or NO^] were purchased from E. 
Marck. The chemicals phthaldehyde (Fluka) and diethylene-
triamine (Unichem) were used without further purification. 
Synthesis of tetrachloro/nitrato (9,10:20,21-dibenzo-l,4, 
7,12,15,IS-hexaazacycIobicosane-l,8,11,18-tetraene)dimetal 
(II) [M2LX4] (M = Co(ll), Ni(II) and Zn(II); X = CI 
or NO,) 
A mixture of metal salt (2 mmol) and diethylene-
triamine (2 mmol) in methanol (^ 7^5 cm ) was stirred with 
gentle heating for about 10 minutes. This was followed by 
the addition of a methanolic solution of phthalaldehyde 
(2 mmol) and the resultant mixture was refluxed for about 
18 hrs^ resulting in the formation of solid product which 
was filtered off, washed with methanol and dried in vacuo. 
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Synthesis of dichloro/nitrato (9,10:20,21-dibenzo-l,4#7, 
12,15,18-hexaazacyclobicosane-l,8,11,18-tetraene) dicopper 
(II) dichloride/dinitrate [CU2LX2IX2 ( X = CI or NO^ ) 
These compounds were prepared by the same procedure 
given above using copper ion as template. 
Elemental analysis was obtained from the micro-
analytical labortory. H NMR spectra in D2O using Bruker 
AMX 500 MH nuclear magnetic resonance spectrophotometer 
z 
with Me.Si as an internal standard was obtained from TIFR-
4 
Bombay, India. Metals and chloride were determined 
volumetrically and gravimetrically respectively. The 
IR spectra (4000-200 cm" ) were recorded as KBr discs on a 
Mattson FTIR spectrophotometer. The electronic spectra of 
the compounds in DMSO were recorded on a Pye-Unicam 8800 
spectrophotometer at room temperature. EPR spectra were 
recorded on a Jeol JES RE2X EPR spectrophotometer. 
Magnetic susceptibility measurements were carried out 
using a Faraday balance at 25°C. The electrical conducti-
• . -3 
vities of 10 M solutions in DMSO were obtained on a 
Systronics type 302 conductivity bridge equilibrated at 
25°C. 
RESULTS AND DISCUSSION 
A series of binuclear hexaazamacrocyclic complexes 
has been prepared by the template condensation reactions 
of diethylenetriamine with phthaldehyde in methanol medium 
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proposed macrocyclic complexes having2:1 metal to ligand 
soichiometry. The yield is found to be low in all the 
cases except for copper. The cobalt complexes are found to 
be air sensitive. An attempt to prepare the corresponding 
metal free ligand was unsuccessful. Except the copper 
32 33 
complexes which show the values expected ' for 1:2 
electrolytes in DMSO, the low molar conductance values of 
all other complexes indicate that they are non-
electrolytes . 
The IR spectra (Table 2) for all the macrocyclic 
complexes exhibit a medium intensity band in the region 
-1 17-19 
1590-1620 cm which may be assigned to coordinated 
imine (C=N) stretching vibrations. This information along 
with the absence of bands corresponding to primary amino 
or aldehydic groups reveal that cyclization has taken 
place. Another band which appeared in the region 3180-
3210 cm can be ascribed to the coordinated secondary 
amino group of diethylenetriamine moiety which is found to 
be negatively shifted in comparison to that of the 
34 35 
analogous metal free ligand ' . An absorption band 
appeared in the region 2870-2920 cm" in all the complexes 
which may reasonably be assigned to the CH stretching 
vibrational modes. All the complexes show bands around 
-1 "^6 
1420, 1080 and 740 cm and are consistent with the 





















































































































































































































































































































































450 cm ^ is due to V>(M-N). Bands observed in the 
-1 
further lower re9ion 
-1 310-280 cm were assigned 
around 350-330 cm and 




respectively. The nitrato complexes gave bands around 
250 cm assignable to M-0 stretching vibration of the 
0N0_ groups. 
The "^H NMR spectra of zinc(II) complexes (Table 3) 
^16 
show a singlet at 8.42 - 8.48 ppm region may be assigned 
to the four equivalent imine protons (CH=N, 4H) . Two 
mu 
Itiplets observed at 3.55 - 3.59 and 2.95 - 2.98 ppm 
38 
regions are assignable to the methylene protons 
(=N-CH -C, 8H) adjacent to the imine group and the 
methylene protons (C-CH^-N-C, 8H ) nearer to the secondary 
amino protons of dietylenetriamine portion respectively. 
Furthermore, another multiplet at 6.19 - 6.21 ppm range 
39 
may correspond to the secondary ammo protons (C-NH-C,-2H) 
of amine moiety. The appearance of a multiplet in 7.15 -
7.17 ppm range may unambiguously be assigned as phenyl 
ring protons (CgH^, 8H). However no band could be 
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The EPR spectra of polycrystalline complexes of the 
Cu(II) macrocyclic complexes were recorded at room 
temperature and their g.. and g, values have been calcu-
lated. Both the complexes exhibit a similar single broad 
absorption band. The absence of hyperfine line in these 
complexes may be due to the strong dipolar and exchange 
interactions between the copper(II) ions in the unit 
40 
cell . The calculated g and gj__ values appeared in the 
region 2.15 - 2.18 and 2.05 - 2.08, respectively which 
17 2 
support the contention that B, is the ground state 
having the unpaired electron in the d 2 2 orbital. Beth 
^ ^ X -y 
the complexes that were studied show g,, < 2.3. It should 
be noted that for an ionic environment 9|, > 2.3, whereas 
for a covalent environment g,. < 2.3 indicating that the 
present complexes exhibit appreciable covalent nature. 
The g values are related by the expression, G = (g.. -2)/ 
41 (gj_ -2) which suggest the exchange interaction between 
copper centres in the polycrystalline solid. In the 
present case, the axial symmetry parameter, G lies in the 
range 2.8 - 3.0 which indicate that a considerable 
exchange interaction among copper(II) ions in these 
complexes as the G values are less than four. 
The electronic spectra (Table 4) of the macrocyclic 
complexes derived from the cobalt(II) ions showed two 
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which may reasonably correspond to the T, (F)——> A2 (F) 
4 4 
and T, (F) > T, (P) tranisitons, respectively ig ig 
42 
suggesting an octahedral geometry for the complexes. 
The ligand field spectra for nickel(II) macrocyclic 
complexes show two bands in the region 11^200-11^50 and 
2g 
-1 . 43 3 IIJIOO-I'^ SOO cm which may be ascribed to A_ > 
3 3 3 
T, (F) and A^ > T, (P) transitions, respectively 
indicating an octahedral environment around nickel(11) 
ion. The copper complexes gave three bands in their 
electronic spectra in the regions 1^200-13^000, 16^100-1^500 
and 21y400-2],900 cm and these bands may reasonably be 
^43,44 2„ ^ 2„ 2„ ^ 2. , 
assigned as B, > B- , B, > A, and 
2 2 
B, > E transitions, respectively. The above 
Ig g 
results are consistent with the square planar geometry of 
copper(II) complexes. 
The observed magnetic moment values (Table 4 ) for 
all these metal complexes are close in agreement with 
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CHAPTER - IV 
DESIGN, 





The Chemistry of macrocyclic ligands and their 
complexes has for many years been an active area of 
research, interest in which continues to expand . Such 
interest has been stimulated in one part by their 
2 3 
catalytic ' properties which has led to important indus-
trial applications. A variety of research has concerned 
4-7 
with the synthetic, kinetic and structural aspects of 
polyazamacrocyclic complexes. The synthetic studies of 
tetraazamacrocycles add significance when the resulting 
8, 9 
complexes can be used as models for natural products 
such as metalloporphyrins, vitamin B, - and chlorophyl. 
The very high thermodynamic stability and extreme kinetic 
inertness of tetraazamacrocyclic transition-metal 
complexes are important since they greatly enhance a 
number of potentially isolable compounds . Macrocyclic 
complexes are best prepared with the aid of metal ions as 
templates to direct the steric course of condensation 
reaction which ultimately ends with ring closure ' . 
However, important non-template methods have been 
developed for a number of important macrocyclic 
, . -, 14,15 ^^ ^ . 
ligands . The present chapter is concerned with the 
synthesis and characterization of a new series of tetra-
azamacrocyclic complexes via the condensation reaction 
74 
of o-bromoaniline, 2,4-pentanedione and primary diamines 
in the presence of transition metal ions. 
EXPERIMENTAL 
The metal salts MnX2.4H20 {X=C1 or NO^ (Fluka), 
CUX2.2H2O, MX26H2O (M=Co and Ni, X=C1 or NO^) (BDH) and 
ZnCl^ and Zn(NO^)2•6H2O (E.Merck) were commercially avail-
able pure samples. The chemicals, 2,4-Pentanedione 
(Ubichem), 1,2-diaminoethane and 1,3-diaminopropane (all 
E. Merck) and o-bromoaniline (BDH) were used as received. 
All the solvents were dried before used. 
Synthesis of Dichloro (2,3:8,9-dibenzo-ll,13-dimethyl-l,4, 
7,10-tetraazacyclotrideca-l,10-diene) metal (II) [MLj^X2] 
(M == Mn, Co and Zn, X = CI or NO,), and (2,3:8,9-dibenzo-
ll, 13-dimethy1-1,4,7,lO-tetraazacyclotrideca-l,10-diene) 
metal(II) chloride/nitrate [ML.JX- (M = Ni and Cu and X = 
CI or NO^) 
A mixture of o-bromoaniline ( 2 mmol) and 1,2-
3 
diaminoethane ( 1 mmol) in methanol (50 cm ) was stirred 
with gentle heating for about 30 min. Then a methanolic 
3 
solution of (25 cm ) of metal salt ( 1 mmol) was added 
followed by the addition of 0.01 mol 2,4-Pentanedione in 
methanol. The resultant mixture was refluxed for about 8 
hrs. resulted in the formation of the solid mass which was 
filtered off, washed several times with methanol and ether 
and stored in vacuo. 
75 
Synthesis of dichloro (2,3:9.10-dibenzo-12,14-diraethyl-l, 
4,8,11-tetraazacyclotetradeca-l,11-diene) metal(II)[ML-X_j 
( M = Mn, Co and Zn; X = Cl or NO.) and (2,3:9,10-dibenzo-
12,14-dimethyl-l,4,8,11-tetraazacyclotetradeca-l,11-diene) 
metal(II) chloride/nitrate [ML2JX2 (M = Ni and Cu; X = Cl 
or NO- ) 
The procedure adopted for these syntheses was 
exactly analo90us to that described above, but instead of 
1,2-diaminoethane , here 1,3-diaminopropane was added. 
Elemental analysis were made by the microanalytical 
laboraltory. H NMR spectra in DMSO-dg using a Bruker AC 
200E spectrometer with Me.Si as an internal standard were 
obtained from GNDU, Amritsar, India. Metals and chloride 
1 fi 1 7 
were determined volumetrically and 9ravimetrically , 
respectively. The IR spectra (4000-200 cm ) were recored 
as KBr discs on a Perkin Elmer 621 spectrophotometer. 
Electronic spectra in DMSO were recorded on a Pye Unicam 
8800 spectrophotometer. Magnetic susceptibility measure-
ments were carried out using a Guoy balance at 25°C. The 
electrical conductivities of 10 M solutions in DMSO were 
obtained on a Systronics type 302 conductivity bridge 
equilibrated at 25j^0.01°C. 
RESULTS AND DISCUSSION 
A new series of tetraazamacrocyclic transition 
metal complexes have been prepared by the condensation 
76 
reaction of o-bromoaniline, 2,4-pentanedione with alipha-
tic diamines in the presence of transition metal ions as 
shown in Scheme 1. However, attempts to synthesize the 
corresponding metal free macrocyclic ligands did not prove 
successful. All the complexes are polycrystalline solids 
and the elemental analysis results (Table 1) agree well 
with the mononuclear structure. 
The complexes of Ni and Cu showed 1:2 electro-
lytic nature, all other complexes were found to be non-
18 
electrolytes in DMSO. 
The IR spectra of all the complexes did not show 
bands characteristic of free carbonyl or free amine 
groups. Instead, all the complexes exhibit a single sharp 
-1 . 19 
absorption band in 1600-1630 cm region, assignable to 
coordinated \)(C=N) and a single sharp absorption band in 
the 3260-3320 cm region ascribed to N-H stretching 
20 
vibration . The above informations strongly suggest that 
the proposed ligand framework is formed. This has been 
further corroborated by the appearance of a sharp band in 
the 390-440 cm region which may reasonably be assigned 
21 to i){M-N) . Bands observed in all complexes in the 
regions 1160-1200 cm may, reasonably, be assigned to 
21 C-N stretching vibrations . All the complexes show bands 
in the 1410-1460, 1070-1100 and 720-740 cm"''" regions and 
22 
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of the complexes of the type [MLX-] show additional bands 
around 1230, 1040 and 870 cm which are consistent with 
23 
the monodentate nature of the nitrato group , whereas 
those observed in the 1370-1380 and 1030-035 cm" regions 
in the IR spectra of the complexes of the type [ML]X_ may, 
21 
reasonably, correspond to NO-, ion . Bands observed in 
the regions 230-240 and 270-300 cm" in the nitro and 
chloro compexes are assignable to "^(M-O) and ^(M-Cl) 
23 24 
respectively ' 
The room temperature EPR spectra of both the poly-
crystalline copper(II) complexes exhibit a similar single 
broad absorption band. The absence of hyperfine line in 
these complexes may be due to the strong dipolar and 
exchange interactions between the copper(II) ions in the 
unit cell. The calculated gj. and g, values appeared in 
25 
the region 2.15-2.17 and 2.08-2.13, respectively implies 
2 
that B, is the ground state with the unpaired electron in 
d 2 2 orbital. Both the complexes that were studied show 
X -y '^  
? fi 
g. <2.3, indicating that the present complexes exhibit 
appreciable covalent character. The g values are 
related by the expression, G = (g^ , -2)/(g -2) which lies 
27 in the range 3.34-3.40 indicate a considerable exchange 
interaction among copper(11) ions in these complexes as 
the G values are less than four. 
83 
The H NMR spectra of the zinc(II) complexes(Table-
28 3) show a sharp siynal at 2.45-2.52 ppm corresponding to 
imine methyls (CH--C=N; 6H) protons. A singlet observed 
20 in the region 2.20-2.32 ppm, may be assigned to 
methylene (C-CH„-C; 2H) protons of the 2,4-pentanedione. 
A multiplet for all the complexes shown at 3.12-3.16 ppm, 
29 
corresponds to (-CH„-N; 4H) protons adjacent to 
nitrogen. The complexes [ML„X_] gave a multiplet at 
29 2.06-2.10 ppm corresponding to the middle (-CH.-; 2H) 
protons of the propane chain. All the spectra show 
multiplets in the regions 6.56-6.78 and 7.40-7.72 ppm 
30 
corresponding to (C-NH-C; 2H) protons and to the phenyl 
29 
ring (8H) protons, respectively. All the above results 
along with the absence of any signal corresponding to free 
amine protons strongly suggest that the proposed 
macrocyclic skeleton is formed. 
The spectral and magnetic, data (Table 4) are 
31 32 
consistent ' with the structures proposeld. 
The electronic spectra of magnese cofmplexes gave 
two bands in the 22,400-22,500 and 18,550-18,900 cm" 
6 4 
regions which may be assigned to A, > T„ and 
A, >^ T, transitions, respectively, suggesting an 
2+ 
octahedral environment around Mn ion. 
The cobalt (II) complexes gave magnetic moments 































































































































































































electronic spectra show two bands in the 21,400-21,850 and 
15,950-16,500 cm regions, which may correspond to 
"^ T, (F) > "^ T, (P) and "^ T, (F) > "^ A. (F) 
ig Ig Ig 2g 
32 transitions, respectively, suggesting an octahedral 
geometry around the cobalt(II) ion. 
The nickel(II) complexes were found to be diamag-
netic suggesting their square planar geometry. This has 
been further supported by the appearance of two bands in 
their spectra in the regions 19,700-20,500 and 15,400-
•g 
-1 32 1 1600 cm which may reasonably be assigned to A, > 
A- and A, > B, transitions, respectively. 
2g Ig Ig > c 2 
The observed magnetic moments and a broad band 
centred at ca 16,000 cm along with two weak shoulders in 
the regions 21,150-22,000 and 11,450-12,700 cm" of the 
electronic spectra of the copper(II) complexes assignable 
2 2 2 2 2 2 to B, > A, , B- > E and B, > B„ Ig Ig Ig g Ig 2g 
32 transitions, respectively, suggesting , a square planar 
geometry around the copper(II) ion. 
The low conductance values of Mn(II) and Co(II) 
33 . 
complexes may be explained in terms of lon-pairmg in 
which the anion does not penetrate the first coordination 
sphere of the metal resulting in the unexpectedly low 
conductance values for manganese and cobalt. However, the 
case was found to be different with nickel complexes. It 
has been shown that the bonded anion may have a tendency 
86 
Table 4 : '"eff, ligand field bands observed in the electronic 
spectra (cm"-'-) and their assignments of the compounds. 
Compound -^eff ^^"<^ position Assignments 
(B.M. ) (cm"-*-) 
[MnLiCl2] 5.81 22,400 6^^^ ^ 4^^^ 
18,900 6^1g y ^T^g 
[MnLi(N03)2] 5.80 22,450 6^^^ ^ 4^^^ 
18,650 ^ I g V 4^1g 
[MnL2Cl2] 5.83 22,500 ^A^^ V "^Tsg 
18,550 ^Aig ». ^Tig 
[MnL2(N03)2] 5.79 22,500 ^A^^ ^ ^T^q 
18, 750 6^1^ ^ 4^^^ 
[C0L1CI2] 4.58 16,100 ^^Tig^^) > ^A2g^^^ 
21,700 ^Tig^^) > ^Tig(P) 
[CoLi(N03)2] 4.54 15,950 "^T^g^F) h '*A2g(F) 
21,400 "^TigCF) y ^Tig(P) 
[C0L2CI2] 4.61 16,500 4T^g(F) > '*A2g(F) 
21,850 '^Tig(F) V '^Tig(P) 
[CoL2(N03)2] 4.55 16,000 ^T^g^^) > "^^Iq^^^ 
21,450 ^Tig(F) y '*Tig(P) 
[NiLi]Cl2 - 15,850 ^A^g ^ Ig^^ 
20,100 lAig y \ ^ 
[NiLi](N03)2 - 15,400 ^A^g y ^B^g 



































































to dissociate in solvents giving more highly conducting 
solutions. Although the NO^ ion may be considered as an 
exception, yet the electronic spectral data suggest it as 
33 
a weakly coordinating anion . However, the strong bands 
2 
characteristic of the free NO, ion which were observed 
in the IR spectra of the nickel(II) complexes, justify its 
1:2 electrolytic nature. 
89 
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CHAPTER - V 
TEMPLATE SYNTHESIS 
AND CHARACTERIZATION OF 





A review on macrocycles have been revealed the 
importance of some macrocyclic complexes in biological 
processes, such as photosynthesis and dioxygen transport , 
2 
in addition to their catalytic properties which may lead 
to important industrial applications. The enhanced 
kinetic and thermodynamic stabilities of these compounds 
led to a widespread study of the features which also 
influence their potential applications as metal extrac-
3 4 . . 
tants and as radiotherapeutic and medical imaging 
5 
agents . Macrocyclic complexes are best prepared with the 
aid of metal ions as templates to direct the steric course 
of the condensation reaction which ultimately results in 
ring closure . The macrocycles with different ring 
sizes are now readily available by convenient methods as 
already reported . In most cases, high dilution 
12 
techniques are employed for the cyclization process when 
templation is not operative. Macrocyclic polyamines have 
attracted increasing attention because of their unique 
property to form very stable chelates with various heavy 
17 
metal ions . Though the macrocyclic chemistry of 
transition metals has been extensively investigated, 
relatively little attention has been focussed on 
, ,. 2,18,19 . ., 20 ^ , ^. 2,21-25 
rhodium , iridum and platinum . A few 
93 
reports of rhodium macrocyclic complexes have appeared in 
connection with Vitamin B^„, whereas, the first example of 
tetraazamacrocyclic iridium(III) complexes was reported by 
20 Poon and co-workers in 1983. This Chapter reports the 
synthesis and characterization of a series of tetraaza-
macrocyclic complexes from dibenzoylmethane and primary 
diamines in the presence of rhodium(III), iridium(III) and 
platinum(II) ions as templates. 
EXPERIMENTAL 
The metal salts RhCl-.xH-O, IrCl2.xH20 and PtCl2 
were obtained from Sisco. The chemicals diaminoethane, 
1,3-diaminopropane and o-phenylenediamine (all E. Merck) 
and dibenzoylmethane (Fluka) were used without further 
purification. 
A general procedure with slight modification was 




ride, [MLj^Cl2]Cl, (M = Rh(III) or Ir(III))and (5,7,12,14-
Tetraphenyl-1,4,8,11-tetraazacyclotetradeca-l,5,8,12-tetra-
ene)Pt(II) dichloride, [PtL-]Cl_. 
A methanolic solution ('^IScm-^ ) of 1,2-diamino-
ethane (2 mmol) was added dropwise to a methanolic 
94 
•5 
solution (^15 cm ) of the metal salt (1 mmol) (pH=3.5). 
The mixture was stirred for ca 15 min. A hot solution of 
(2 mmol) of dibenzoylmethane in 15 cm-^  methanol was then 
added to the above metal amine mixture. The resultin9 
mixture was stirred continuously for 5 hrs/ refluxed for 
12-15 hrs. and left stand for 15-20 days. The fine 
crystals which separated at room temperature were filtered 
off/ washed with methanol and dried in vacuo. 
Synthesis of Dichloro(6,8,14,16-tetraphenyl-l,5,9,13-
tetraazacyclohexadeca-l,6,9,14-tetraene)metal{III)chloride, 
[ML2Cl2]Cl (M = Rh(III) or Ir(III)) and 6,8,14,16-tetra-
pheny1-1,5,9,13-tetraazacyclohexadeca-l,6,9,14-tetraene) 
Pt(II) dichloride, [PtL2]Cl2-
The procedure was similar to the above but here 
1,3-diaminopropane was used instead of 1,2-diaminoethane. 
Synthesis of (2,3,9,10-Dibenzo-5,7,12,14-tetraphenyl-l,4, 
8,11-tetraazacyclotetradeca-l,5,8,12-tetraene)metal(III) 
chloride [ML-Cl2]Cl, (M = Rh{III) or Ir(III) ) and 2,3,9, 
lO-Dibenzo-5,7,12,14-tetraphenyl-l,4,8,11-tetraazacyclo-
tetradeca-l, 5, 8, 12-tetraene) PtClI) chloride, [PtL2]Cl2. 
The procedure was similar to the above but the 
diamine used here was o-phenylenediamine. 
Elemental analyses for C, H, N were obtained from 
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H NMR (ppm) spectra were recorded in DMSO-dg using a 
Bruker AC 200 E nuclear magnetic resonance spectrometer 
with Me.Si as internal standard. Metals and chloride were 4 
2fi 27 
determined volumetrically or gravimetrically , respec-
tively. The IR spectra (4000-400 cm ) were recorded as 
KBr discs on a Perkin Elmer-621 spectrophotometer. The 
electronic spectra in DMSO were recorded on a Pye-Unicam 
8800 spectrophotometer at room temperature. The elec-
trical conductivities were recorded on a Systronics type 
302 conductivity bridge thermostated at 25+0.1°C. Magnetic 
susceptibility measurements were carried out using a 
Faraday balance at 25°C. 
RESULTS AND DISCUSSION 
It is well known that the synthesis of second and 
third row transition metals, particularly iridium(III), 
amine complexes is not straightforward and the yields are 
low. This is because the available trivalent metal 
chlorides are usually impure and sensitive to base. 
Therefore, it is not unexpected that most synthetic 
reactions may be accompanied by many side reactions, such 
as hydrolysis and redox reactions, leading to a low yield 
of the desired products. Successful synthesis of these 
complexes required the use of methanol as reaction medium 
20 
and the controlled dropwise addition of the diamines 
98 
The analytical results (Table 1) suggest that the 
proposed macrocyclic complexes have 1:1 (metal:ligand) 
stoichiometry which was obtained from the template conden-
sation reaction of primary diamines with dibenzoylmethane 
(Scheme 1). However, attempts to prepare the correspond-
ing metal-free macrocyclic ligands were unsuccessful/ 
thereby implying probable required metal ion templation 
during the cyclization process. The molar conductance 
values suggest a 1:2 electrolytic nature of the platinum 
29 (II) compounds and 1:1 for that of rhodium(III) and 
iridium(III) complexes in DMSO (Table 1). 
The preliminary characterization of the macrocyclic 
complexes has been obtained from the IR spectra (Table 2). 
The IR spectra of all the complexes show no peaks corres-
ponding to amino or carbonyl groups. Instead, a new 
medium-intensity band appeared in the region 1570-1610 
-1 30 31 
cm assignable to coordinated V)(C=N) ' . All the 
complexes show absorption bands in the 2880-2940 and 1415-
1460 cm regions, which may, reasonably, be due to v)(C-H) 
and £'(C-H) vibrational modes, respectively. All the 
ML-Cl complexes show bands in the 1410-1460, 1070-1100 
and 720-740 cm regions which can be assigned to phenyl 
ring vibrations. Further evidence for the formation of 































































































bands near 500 cm in the spectra of all the complexes, 
32 
which may be assigned to i?(M-N) vibrations , the band 
observed around 1250 cm" has been assigned to ^(C-N) 
stretching vibrations. 
The H NMR spectra of all macrocyclic platinum(II) 
complexes (Table 3) show no signal corresponding to 
primary amino protons indicating that the proposed 
macrocyclic skeleton has been formed during the condensa-
tion reaction. All the compounds gave two singlets in the 
2.15-2.34 and 7.30-752 ppm regions corresponding to the 
CH-(4H) protons of the dibenzoylmethane moiety and phenyl 
31 1 
ring protons, respectively . The H HMR spectra of 
[PtL,]C1„ and [PtLplCl- exhibit a singlet and a multiplet 
at 3.14 and 3.06 ppm respectively, corresponding to the 
CH^CSH) protons adjacent to the nitrogen atom of the amine 
31 
moiety . A multiplet appearing at 2.02 ppm for the 
complex [PtL2]Cl2 may be assigned to the middle methylene 
protons CH2(4H) of the propane chain. 
The electronic spectra (Table 4) of the rhodium 
(III) macrocyclic complexes gave two bands in the region 
19,100-19,800 and 24,600-25,200 cm"""-, consistent with the 
spin allowed transitions A, > T, and A, > 
Ig Ig Ig 
T2 » respectively, expected for octahedral geometry 



























































































































































attributable to the spin-forbidden transition A^ ^ 
The iridium(III) macrocyclic complexes also gave 
two bands in the 21,700-22,200 and 27,900-28,300 cm" , 
regions, assignable to the A^ > T^ and A^ > 
•'"T^  transitions respectively, similar to that reported 
. . . 33 for low spin octahedral complexes of iridium(III) 
However, it also show a band at 16,500 cm' , attributable 
1 3 
to the spin-forbidden transition A^ > T^ . The 
magnetic susceptibility measurements showed that both the 
rhodium (III) and iridium(III) complexes are diamagnetic, 
which again support the low-spin d electronic configura-
^. 34 tion 
The macrocylic platinum{II) complexes were found to 
3 3 be diamagnetic, suggesting a square planar geometry , 
which was further supported by the bands observed in the 
electronic spectra (Table 4). The spectra exhibited three 
distinguishable bands in the regions 20,200-20,800, 
25,100-25,700 and 29,300-29,900 cm'-'" which may reasonably 
be assigned to the A^  > A„ , A, > B, and 
Ig 2g Ig Ig 
A,_ > E transitions, respectively. 
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CHAPTER - VI 
PHYSICO-CHEMICAL STUDIES ON 
DI AMIDE PENTAAZAMACROCYCLIC 
TRANSITION METAL COMPLEXES 
110 
INTRODUCTION 
The recognition of a metal ion by a macrocyclic 
ligand and modification of the properties of the resulting 
complex is controlled to a large extent by a match between 
the size of the ligand hole and that of the metal ion . 
The very high thermodynamic stability and extreme kinetic 
inertness of transition metal complexes of polyazamacro-
cyclic ligands are significant since they enhance a number 
2-4 
of important industrial applications . An amide group 
offers two potential binding atoms, the oxygen and 
nitrogen, for complexation of metal ions. The amide 
macrocyclic complexes were found to function as cata-
lysts ' in many organic oxidation reactions. A number of 
macrocyclic amides containing oxygen or sulphur atoms as 
ring components through cyclization via aminolysis of the 
dimethyl ester of dicarboxylic acid with polyethylenepoly-
7 
amines have been reported . Generally the macrocyclic 
7-9 polyamides are prepared by the reaction of polyamine 
with either the diester salt of a dicarboxylic acid or the 
dicarboxylic acid dichloride. Lindoy and co-workers have 
reported a series of elegant studies on ligand design 
and metal ion recognition of polyaza and mixed polyaza-
macrocyclic complexes by convenient non-template 
methods ' but did not involve amide groups. This 
chapter presents the metal ion controlled synthesis and 
I l l 
characterization of diamide pentaazamacrocyclic complexes 
derived from the (template) condensation reaction of o-
aminobenzoic acid with 1,2-dibromoethane or 1,3-dibromo-
propane in the presence of diethylenetriamine. 
EXPERIMENTAL 
The corresponding available chemicals like 1,2-
dibromoethane (E, Merck), 1,3-dibromopropane (E. Merck), 
diethylenetriamine (Koch-Light), metal salts like 
CuX^.lYl^O, MX2.6H2O (M = Co"'"''-, Ni-"--"- and X = CI or NO^), 
ZnCl and Zn(NO_) 2 • SH^O (BDH) were used as such pure 
samples. 0-aminobenzoic acid was used as supplied by 
Burgoyne Burbidges & Co. (India). All the solvents were 
dried before use. 
Synthesis of chloro/nitro (3;4,9;lO-Diphenyl-2,11-dioxo-l, 
5,8/12,15-pentaazacycloheptadecane) metal(II) chloride/ 
nitrat [MLj^ X]X (M = Co^^, Ni^^, Cu^^ & Zn^^, X= Cl or NO3) 
A mixture of o-aminobenzoic acid (5 mmol) and 
diethylenetriamine (2.5 mmol) in methanol ('^50cm-^) was 
taken in a 250 ml round bottomed flask and refluxed for 
20-24 hours. A hot methanolic solution (25cm-^) of the 
metal salt (2.5 mmol) was added dropwise followed by the 
addition of dibromoethane (2.5 mmol). The resulting 
mixture was refluxed for another 10-12 hrs. The solid 
112 
product thus separated at room temperature was filtered 
off, washed several times with methanol and then with 
ether and dried in vacuo. 
Synthesis of chloro/nitro (3;4,10;ll-Diphenyl-2,12-dioxo-
1,5,9,13,16-pentaazacyclooctadecane) metal(II) chloride/ 
nitrate. [ML2X]X (M = Co^^, Ni",Cu" » Zn", X=C1 or NO3). 
The procedure followed was similar as described 
above using 1,3-dibromopropane instead of 1,2-dibromo-
ethane. 
The elemental analyses were obtained from the 
microanalytical laboratory at Aligarh Muslim University. 
The IR spectra (4000-200 cm" ) and/or (4000-400 cm" ) were 
recorded as KBr discs on a Perkin-Elmer 621 and/or 782 
spectrophotometer. H NMR spectra in DMSO-d, with Me.Si 
b 4 
as an internal standard using JEOL-FX-100 FT NMR spectro-
meter and/or Bruker AC 200E NMR spectrometer were obtained 
from IIT, New Delhi, India and/or the Institute de La 
Grasa, Sevilla, Spain. Metals and chlorides were deter-
19 20 
mined volumetrically and gravimetrically , respectively. 
The electronic spectra in DMSO were recorded on a Pye-
Unicam 8800 spectrophotometer at room temperature. The 
_3 
electrical conductivities of 1x10 M solutions in DMSO 
were obtained on a Systronics Type 302 conductivity bridge 
equilibrated at 25+^0.1°C. EPR spectra were recorded on a 
113 
JEOL JES RE2X FPR spectrometer. Magnetic susceptibility 
measurements were carried out using a Faraday balance at 
25°C. 
RESULTS AND DISCUSSION 
A new series of pentaazamacrocyclic transition 
metal complexes have been prepared via the condensation 
reaction of o-aminobenzoic acid with diethylenetriamine 
and 1,2-dibromoethane or 1,3-dibromopropane in the 
presence of transition metal ions as templates (Scheme 1). 
Attempts to prepare metal-free ligands in methanol or 
ethanol led to oily product which could not be isolated 
and analysed. However, when the condensation reaction was 
carried out in the presence of metal ions, solid products 
were obtained in good yield (60-75 % ) . 
The complexes prepared by the template method have 
a 1:1 metal to ligand stoichiometry (Table 1). The nature 
of the ligands in all the complexes was demonstrated by 
the collective evidence of their properties. All the 
complexes have high melting points (>350°C). The colour 
and the crystalline habits of the solid complexes indicate 
that they are of the same family, showing 1:1 electro-
lytic nature^ -"- in DMSO (Table 1). 
114 
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The major IR spectral features of the macrocylic 
complexes are listed in Table 2. The IR spectra of all 
the complexes showed no bands characteristic of hydroxyl 
and/or primary amine groups. This information together 
with the appearance of a bands corresponding to an amide 
group, suggest the formation of the proposed macrocyclic 
framework. Four amide bands have been identified in the 
1660-1700, 1500-1520, 1220-1260 and 645-675 cm"-"" regions, 
assignable to amide I[^(C=0)], amide II[v>(C-N) +cr(N-H)], 
amide ITI[ ^ (N-H)] and amide IV[0 (C=0)] bands, respec-
22 23 tively ' . However, the amide I band appears in the 
24 
region expected for a free amide , suggesting that the 
amide oxygen is not involved in coordination. Two bands 
appearing in the 3190-3230 and 3330-3370 cm" regions may, 
reasonably, be assigned to the coordinated secondary amino 
25 
group and negatively shifted amide NH stretching vibra-
tions, respectively. A strong band in the 360-410 cm" 
24 
region may be assigned to \) (M-N) . All the complexes 
show bands in the region 1430-1470, 1070-1100 and 720-740 
-1 26 
cm and can be assigned to phenyl ring vibrations . The 
bands in the region 235-260 and 280-310 cm" may be 
27 28 
assigned ' to V>(M-0) of the O-NO2 group and V(M-Cl) 
vibration, respectively. Bands in the 1220-1245, 1010-
1035 and 855-880 cm regions indicate the presence of 
2 7 2 8 



















































































































































































































































































































































































































































































































































































































































































































































































The EPR spectra of polycrystalline Copper(II) 
complexes have been recorded at room temperature. The 
hyperfine lines could not be resolved which may be attri-
buted to the strong dipolar and exchange interactions 
29 between copper(II) ions m the unit cell . The g„ and 
gj_ values have been calculated from the spectra and were 
found to be in the range 2.32-2.37 and 2.08-2.11, respec-
tively. From the EPR spectra of Copper(II) complexes for 
which gn values are greater than the corresponding gj. 
values, it is characterized that they have the unpaired 
30 2 
electron in the d 2_ 2 orbital and hence, the B, is the 
X y 
ground state. The axial spectrum with (g,, >q^ >2.04) is 
consistent with distorted octahedral geometry around 
3132 29 
Copper (II) ions . Kivelson and Neiman have shown 
that g is a moderately sensitive function for indicating 
covalency i.e. for an ionic environment g is normally > 
2.3 and for a covalent environment it is < 2.3. In the 
present complexes, g,. > 2.3 indicating the ionic nature 
of the complexes. In an axial symmetry the g values are 
33 
related by the expression G=(g,| -2)/(g^ -2) which 
measures the exchange interaction between copper centres 
in the polycrystalline solid; if G>4 exchange interaction 
is negligible. The calculated G values appeared in the 
34 
range 3.18-3.87, suggesting that there is a considerable 
exchange interaction between Copper(II) Centres as (G<4). 
121 
The H NMR spectra of the Zinc complexes (Table 3) 
show a multiplet in the region 3.43-3.57 ppm, correspond-
35 ing to C0-N-CH„(4H) protons . A broad signal appearing 
at 8.23-8.36 ppm, in all the zinc complexes may resonably 
36 
be assigned to a macrocyclic ligand bearing amide CO-NH 
(2H) protons. Furthermore, two multiplets appearing for 
all the complexes in the 6.78-6.82 and 6.47-6.53 ppm, 
37 
regions which can be assigned to the secondary ammo 
(C-NH-C){1H) proton of the diethylenetriamine moiety, and 
secondary amino (C-NH-ph)(2H) protons adjacent to the 
ring. Two multiplets in the 2.68-2.78 and 3.11-3.23 ppm, 
38 
regions for all the complexes may be assigned to the 
methylene (CH -N-CH2)(4H) protons adjacent to the middle 
nitrogen of the diethylenetriamine moiety and N-CH2-{4H) 
protons adjacent to the nitrogen of the o-aminobenzoic 
39 
acid moiety . All the complexes show a multiplet in the 
region 7.18-7.25 ppm, which is assignable to aromatic ring 
protons while the middle C-CH -C(2H) protons of the 
propane chain of the complexes of the type [ZnL„X]X gave a 
38 39 
multiplet at 2.16-2.32 ppm ' . However, no signals 
could be observed for primary amine or alcoholic protons. 
The spectral and magnetic data (Table 4) of all 
the complexes are consistent with the proposed structure. 
The cobalt(II) complexes have room temperature 
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40 for high spin octahedral complexes . In the electronic 
spectra of these complexes appearance of two bands appear-
ing in the 14,100-14,650 and 20,950-21,350 cm" regions 
correspond to '*T^  (F) > A^ (F) and '*T^  (F) > T^ 
41 (P) transitions, respectively and is consistent with the 
presence of octahedral coordination geometry around the 
cobalt(II) ion. 
In each case, the nickel(II) complexes have 
magnetic moments (2.93-3.24 BM) typical for high spin 
species' , their solution spectra show two main bands at 
11,280-11,330 and 17,150-17,480 cm" regions which may be 
assigned^ -'- as ^A_ > ^T^ (F) and ^A-^ > T (P) 
^ 2g Ig 2g ig 
transitions, respectively suggesting an octahedral geo-
metry around the nickel(II) ions. 
The magnetic moment values of the copper(II) 
complexes fall in the range (1.76-1.78 BM) expected for a 
40 
single unpaired electron . The electronic spectra of 
these complexes each shows a main broad band in the region 
19,250-19,400 cm" with a shoulder in the region 16,100-
-1 9 
16,400 cm which can unambiguously be assigned to B, 
2 2 2 
> E and B, > E- transitions, respectively 
41 
corresponding to distorted octahedral geometry around 
the copper(II) ions. Strikingly, all the macrocyclic 
complexes exhibit strong adsorption around 30,000 cm" 
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CHAPTER - VII 
SELF-CONDENSATION REACT/ON: 




It is well established that macrocyclic complexes 
are best prepared with the aid of metal ions as templates 
to direct the steric course of the condensation reaction 
which ultimately results in ring closure . The metal 
template method has been recognised as offering high-
yielding and selective routes to new ligands and their 
6 7 
complexes ' . One of the best examples of metal ion 
template is the self condensation reaction of o-amino-
8 — 12 benzaldehyde reported by Busch and his co-workers 
followed by its utility for the preparation of iron(III) 
13 
complexes containing Fe-O-Fe bridging group and 
14 
complexes of tetraazaannulene . The first example of 
self-condensation reaction was reported in 1934 on 
o-phthalnitrile in the presence of metal ions to yield 
metal-phthalocyanine complexes. Recently, Sahajpal and 
Thompson have reported the self-condensation reaction of 
4+ 
o-aminobenzaldehyde in the presence of Mo^ ions. The 
continued interest and quest in designing new macrocyclic 
ligands stem mainly from their use as models for protein-
metal binding sites in a substantial array of metallo-
• V,- 1 • -1 4 - 1 7 , . ^ -, . 1 8 , 1 9 proteins m biological system and m catalysis 
This chapter accounts for the synthesis and characteriza-
tion of a new series of polyamide tetraazamacrocyclic 
complexes derived from the self-condensation reaction of 
131 
o-aminobenzoic acid in the presence of transition metal 
ions as templates. 
EXPERIMENTAL 
Th e metal salts C0X2.6H2O, NiX2.6H20, CUX2.H2O, ZnCl2 
and Zn{NO-)2.6H20 (X = Cl or NO-) were obtained from (BDH) 
o-aminobenzoic acid was used as supplied by Burgoyne 
Burbidges and Co (India). The solvents were dried before 
use. 
Synthesis of (Dichloro/nitro-2,3; 6,7; 10,11; 14,15-tetra-
benzo-4,8,12,16-tetraoxo-l,5,9,13-tetraazacyclohexadecane) 
metal (II) [MLX2] (M = Co^^, Ni^ -"^ , Zn^^, X = Cl or NO^) and 
(2,3; 6,7; 10,11; 14,15-tetrabenzo-4,8,12,16-tetraoxo-l,5, 
9,13-tetraazacyclohexadecane) Copper(II)chloride/nitrate 
[(CuL)X ] (X = Cl or NO-). 
The macrocyclic complexes were prepared adopting 
8b following literature procedure 
A solution of o-aminobenzoic acid ( 24 m mol) in 
3 
methanol ( '^  40 cm ) was heated and stirred. When the 
o-aminobenzoic acid solution was under reflux, a 
3 
solution of the metal salt ( 4 mmol) in 25 cm methanol 
was added. The colour of the solution immediately changed 
followed by the appearance of a precipitate after ca 1 hr. 
The solution was stirred and refluxed for a total of 6 
hrs. After cooling, the solution was filtered off. 
132 
and the isolated solid was wash,ed several times with 
methanol and ether and dried in vacuo at room temperature. 
Yield (50-60 % ) . 
Elemental analysis were obtained from the micro-
analytical laboratory. Metals and chloride analysis were 
20 21 1 done according to established methods ' . H NMR 
spectra were determined in DMSO-d, using a JEOL-FX-100-
FTNMR and/or Bruker AC 200E NMR spectrometer with Me.Si as 
an internal standard. IR spectra (4000-200 cm" ) and/or 
(4000-400 cm" ) were recorded as KBr discs on a perkin 
Elmer 621 spectrophotometer and Perkin Elmer 782 IR 
spectrophotometer/ respectively. The electronic spectra 
in DMSO were recorded on a Pye-Unicam 8800 spectrophoto-
meter at room temperature. EPR spectra were recorded on a 
JEOL JES RE2X EPK spectrometer. The electrical conducti-
-3 
vities of 10 M solution m DMSO were recorded on a 
Systronic Type 302 conductivity brdige equilibrated at 
25+0.1°C. Magnetic susceptibility measurements were 
carried out using a Faraday balance at 25°C. 
RESULTS AND DISCUSSION 
The reaction of o-aminobenzoic with itself in the 
presence of metal ions yields, in each case, a cationic 
complex containing a ligand composed of 4 moles of the 
self-condensed ligand bound to a single metal ion. These 
133 
complexs have been identified and characterized by the 
collective evidence, as complexes of the fully cyclized 
ligand as shown in Scheme 1. The art of the self-
condensation of o-aminobenzoic acid under the influence of 
metal ions requires that the condensation be initiated 
several minutes before the metal ion is added. This 
provides adequate opportunity for the prior formation of 
the free tetramer which may then rearranges under the 
influence of the metal ion. 
The analytical data (Table 1) clearly show the 
necessity for formulating the ligand as completely self-
condensed in all cases. All the complexes exhibit high 
melting points (>350 °C). Except those of copper which 
22 
showed 1:2 electrolytic nature all other complexes were 
found to be non-electrolytes in DMSO. This clearly 
demonstrates the fact that both anions in each case (but 
not copper) are coordinated to the metal. 
Strong inference as to the structure of the ligand 
has been derived from the IR spectra of the several 
compounds (Table 2). The absence of bands characteristic 
of hydroxyl or free amine groups and the appearance of 
bands corresponding to an amide group, provide strong 
evidence for the presence of a closed cyclic product 
containing Schiff base linkage. The four amide bands 










































































































































































































































































































































































































































































































































































































































1270 and 640-670 cm regions, may, reasonably, be 
assigned to amide I [ViC=0)], amide II [ ); (C-N) +^{N-H)] 
amide III [ S'(N-H)] and amide IV [(^(C=0)] bands, respec-
23 tively, comparable to those reported earlier . However, 
the amide I band appeared in the region expected for a 
24 free amide suggesting that the amide oxygen is not 
involved in coordination. A single sharp band observed 
for all the complexes in the region 3230-3260 cm may 
possibly arise from a secondary amine, v)(N-H), although 
its position was found to be lower by 40-60 cm than the 
25 
analogous metal free tetraaza ligands . This suggests 
that the amide nitrogens take part in coordination to the 
metal ions, this has been further confirmed by the 
appearance of bands in the 360-415 cm region in all the 
complexes corresponding to \) (M-N) vibrations . Bands 
appearing at 1410-1470, 1080-1110 and 720-740 cm""^  regions 
2 6 
are the usual modes of disubstituted benzene . All the 
complexes of the type [MLC1-] show additional bands in 
270-320 cm regions assignable to y> (M-Cl) vibrations 
whereas those of the type [ML(NO_)_] show bands in the 
230-255 cm regions and may be assigned to S> (M-0) of the 
NO^ group^ . Bands in the 1225-1240, 1000-1030 and 850-
875 cm regions of the nitrato complexes indicate the 
2fi presence of monodentate coordinated nitrate group . 
138 
2 + 
The EPR spectra of both the polycrystalline Cu 
macrocyclic complexes were recorded at room temperature 
and their g,, and gj_ values have been calculated. Both 
2+ 
the tetraazamacrocyclic Cu complexes studied here dad 
not show any hyperfine splitting, but gave only a single 
signal for which g„ and g^ values were found to be (2.23, 
27 
2.25) and (2*07, 2.12), respectively characteristic of 
square planar copper(II) complexes. This suggests that 
the unpaired electron is present in the d 2_ 2 orbital as 
28 
g > g, > 2.02 . In an axial symmetry, the g values are 
related by the expression G = (g - 2 )/(gj_ - 2 ) , which 
measures the interaction between copper centres in the 
un it cell. The calculated G values are found to be (3.18+ 
29 0.1) indicating considerable exchange interaction 
between copper centres as G<4. 
The H NMR spectra of both the zinc complexes 
studied here each showed two peaks. A broad signal at 
8.36-8.42 ppm, which may reasonably be assigned to a 
25 
macrocyclic ligand bearing amide CO-NH (4H) protons and 
a multiplet at 7.07-7.18 ppm assigned to phenyl ring 
protons. No peak characteristic of free amine protons or 
alcoholic protons could be observed. 
The spectral and magnetic moment data of all 
the complexes (Table 3) are consistent with the proposed 
structures. 
139 
Table 3 : ^ , electronic spectral data and their assignments for the 
complexes. 
Complexes /^ B Band Position Assignment 
[C0LCI2] 4.56 14,250 
22,050 4 ^^ 
[CoL(N02)2] 4.64 13,900 
21,850 \ g ( F ) 
-> A,^(F) 
4 ^5 
-> \ g ( P ) 





-> \ g ( P ) 
[NiL(N02)2] 3.25 12,150 
17,650 
2g 
2g -> \ g ( P ) 





















The cobalt(II) complexes gave magnetic moments 
30 (Table 3) typical for high spin octahedral complexes 
The electronic spectra of these complexes each show two 
bands appearing in the 13,900, 14,250 and 21,850, 22,050 
-1 4 
cm regions which may reasonably correspond to T, (F) 
> ^A^ (F) and T^ ^ (F) > T^ (P) transitions, 
respectively consistent with the presence of octahedral 
31 
coordination geometry around the cobalt(II) ion. 
The observed magnetic moments for the nickel(II) 
30 
complexes (Table-3) are typical for high spin species 
establishing the triplet ground state. The solution 
spectra show two main bands at 11,750, 17,650 and 12,150, 
-1 3 3 17,800 cm which may be assigned as A_ > T, (F) 
-^  ^ 2g Ig 
3 3 
and A^ > T^  (P) transitions, respectively suggest-
31 ing an octahedral geometry around the nickel(II) ion 
The observed magnetic moment of the copper(II) 
complexes fall in the range 1.71-1.73 B.M. The electronic 
spectra of these complexes show a broad band centered at 
-1 2 2 
ca 16,000 cm assignable to B, > A, transitions. 
^ Ig Ig 
However, two weak shoulders appearing in the regions 
21,450-21,700 and 12,200-13,650 cm" may be ascribed to 
2 2 2 2 
B, > E and B, _ > B_ transitions, respec-
Ig g Ig 2g 
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